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natural water have held an important place, although the 
‘ been few i in number. Ww ithin the past few years, however, the progress 
a made in the methods for converting mechanical into electric energy, 
ig ne increase the distance to which the latter on: can be 
transmitted, have led to the e utilization of many wa water powers which 
were previously inaccessible. The advantages to any community ¢ of 
4 cheap and reliable power me so me that a steady growth of enter- ‘ 
prises of this kind may be expected. Apart from manufactures of all 
ki is, the purely cipal purposes of lighting a nd el tric teat wg 
inds purely muni nicipal pur} ses of lighting and elec ri a 


themsely es absorb a considerable amount of ‘pow er. 
= 
It is proposed in the following paper to describe the works 


recently built in the caion of the ‘Ogden River, near tl the city of «3 


Ogden, by the Pioneer Electric Power Company of Utah, w hich 
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A 


stitute the latest ond mont important power, plant of that 


tie 


It It is hoped that even an incomplete ac account of the the 


"designs and methods of construction adopted by the « engineers of the 
above work m may not prove without value in the planning» of ‘similar 
and aphy. —The ¢ city of Ogden i is in the basin 
of Great Salt Lake, at : an elevation n of 4 300 ft. . above sea sea level. It : is 
about 1 13 miles east of that body of water, and 85 miles north of Salt It 
lake City. The limits of the city rard to » the base of the 


altitude of “fully 9 9 000 ft. ahove ne sea "This of m mountains 
ee intersected we numerous deep valleys or caiions, some of which r rise 


fea drainage ar of ile extent. ‘Two such caiions, | those of 
re the Weber and Bear Riv vers, are 5 situated a a few miles to: the « south | oie 
north of of the city respectively, and are occupied by the Union Pacific — —_ 


‘The caiion of the Ogden River is intermediate between two last-— 
named valleys, its outlet being directly east of Ogden and distant — \. 


a about 2 2 miles from the business center. . It isa narrow, winding gorge, — 


walled in by high ‘and precipitous mounteina, and presents succes- 


tion of scenes of romantic apne unsurpassed i in B any other portion <i 
‘the Rockies. 


_ width at the nethiatns and at some points it is 80 narrow that the con- 


struction of the. excellent macadamized road that traverses it involved 


Ata a point abo about 6 miles above its mouth the silane gorge through ~ 


which | the river out into a noble valley, some 8 miles 


at and 4 miles wide, surrounded by an almost continuous mountain 


chain, This valley c contains several villages and many well- ‘cultivated 7 


x farm nd is traversed iby three streams which unite at the upper or end of b. 
the 2 caiion, to form the Ogden River. 7 ‘A reference to the e map, Fig. 1, 


i will show clearly the course of the three branches, one of which drains 7 
_ the northern part of the valley, while ile another amengee from the moun- 


Satan of the 1 village « of Huntsville, a and the third bisects the m main 


Tange on the the oid side of the directly cont of head oft the 
eaiion. 


— 
& — 

— 
a 

— 
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y twice as s great, me 


greatly in n different ye yours rs and at “different seas seasons. 


=. ai per second ben been measured, while a minimum of 80 cu. ft. in August 
r and September is is also on record. ; The minimum in average years is ~~, 
‘fully 125 cu. ft. per second. In 1896 the flow did not i go below 175cu. 


ft. per second. This 1 refers to the flow i in the 3 si er- -bed near the dam \ 7 
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a The average annual rainfall in Ogden is 14 q 
Valley it has never been measured, but is probabl 
In May and June, 
| flowof4800cu. ft. 

— 
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4 
a site, bat there i is also considerable underflow i in the gravel, as a sean 


fro from the fact that the gauge readings several miles lower ‘are always — 


greater, though the affluents on this stretch are insignificant. ee 
The slope eal the stream in the upper valley is comparatively — 
poet while in the 6 miles of the cafion there i is a total fall of nearly 
— 600 ft. ‘This portion of 1 of the river has long appeared an attractive efield 
for the development of power, but apart feos . small saw-mill — 
its mouth there have been only abortive attempts made at wailining 
a: fall of the | ) etrenm, and none of these earlier plants are now in 


conception and of the works belonging 
to the Pioneer Electric | Power Company are due mainly to the e effort Ss 
.K . Bannister, M. Am. Soc. C. » Whe, as chief engineer and 


retary of the c company, has devoted s several 3 years to the careful study 
the engineering ai and financial problems: involved. Preliminary sur- 


_ veys were made i in 1894 and 1895, but it we not until the beginning ¢ of = 
of 1896 that the location of the plant: Ww as definitely s settled and actual be 


 Generat D F THE WORK 
4 The plans of the Pioneer Electric Pow er Company contemplate the val 


ia “utilization of the waters of the entire e Ogden River water- shed above the a 


bi _— of the cafion for the dev evelopment of power as W well as for it riga- 


_ The central features of the plant are: A large storage —-. 


a masonry dam at the: upper end of the caiion; a pipe conduit 6 ft. — 


or 5 @ pov wer house « e containing v water-w heels and d electric or 


this, there are electric transmission lines and sub- 


‘stations for. distributing .g the power to different points, s an extended 


Storage will ec cover an area of about 2 000 acres, 
“and will have a of 15 000 000 galls. It will be 


formed by building a dam across the cafion a short distance below 


upper end. | Little clearing will be necessary, but a considerable 
amount of farm | tend will | be submerged, ond a number of houses and : 


ewe will have to be vacated. ‘number of ‘miles of highway will 


also be covered covered by wat water, and it will be ‘mecessary to to build a ® wagon ' 
of ‘equivalent nt length on on m each side of reservoir will 


Ge 
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7 | ‘The Dam. _The dam will be built of concrete masonry and founded 
a on th the bed- rock. Its length, measured on the crest, will be about 400 


ft. It will be about 60 ft. . high above the present river- -bed, and the 
foundation w will extend about 40 ft. lower, ‘making a a total height of over — 


r 100 00 ft. i The sid sides and bottom of the « e cafon, at the site of the d dam, — 
i st st of solid limestone rock, the bottom is overlaid to a a depth of 


New 


which, at at eolizery stages of the riv river, 


be the s sole. outlet f for the water i in the me is sto connect 


_ About 100 ft. below the tunnel, ai and connected to it by a a riveted 


| steel pipe 8 ft. 6 ins. in diameter, the ‘main gate-h -house ‘is placed. i 


This | building contains two 72-in. n. valves, of which s serves for | 
charging surplus: water, while the other ‘connects with» the 


The Main Conduit—The main conduit is a pipe line with an in- rs 
_ ternal diameter of 6 ft . Its total length is 31 600 ft., of which 27 000 
ft. consist of wooden : stave pipe, while the last 4 600 ft., at tl the lower ma ine 
is riveted pipe. Ibi is laid ina trench 8h ft. wide, e, and cov cov- 


er red with earth to a depth of 3 ft. on top. ‘The wooden pipe i is located “7 5 


on ihe ide onfion with maximum horizontal ¢ curves sof cand 
about half a mile ‘beyond | the mouth of the om ‘The hydraulic 
{ grade line is assumed to fall at hes rate of 0.2 per hundred, "and = 
the wooden pipe is kept close to, but below, this - gradient, which © 
L begins at low-water level in the reservoir. The upper portion of the = 
wooden conduit i is mainly in earth excavation, but towards the mouth 
the cafion the trench was excavated almost entirely” in limestone 
and granite rock, — There are eight ti tunnels in the rock, the longest a 
which is 667 ft. ‘There are ‘also eight steel bridges, with a total 


length of 560 ft., besides a a timber trestle. _ The maximum hy ome ; + 


— 
— | 
——— Water. A spillway for carrying off the flood waters is to be built on the | } 
north side of the caiion. The dam and spillway are more fully 
. scribed in a following section of the paper. 
| A 9-ft. tunnel has been excavated through the solid rock around 
‘4 
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that mentioned It extends from the 
lower end of the oe wonton pipe to the power house, following an n align- Ge 
ment which | is straight i = plan, but, is adapted to the contour r of the 
ground by. fourteen vertical angles. Between these pc points the pipe eis 
_ straight, the elbows s being formed with radii of of 30 ft. ie te ee 
The steel pipe is of 6 ft. « diameter till i it a point: 100: ft. 


above the power house. in Here it divides into two branches, 54 ins. sin 
d ameter, which lead to two ls large receivers, , one on either side of the — 
diamet 


we house building. total hydrostatic head from the flow- 


“line of the ri reservoir, when it is full, to the center c of the receivers ers will 


‘The ‘House. —This is built of brick, c, with conerete and 


“rubble footings, and cut-stone trimmings. outside dimensions 


135 ft. in length by 50 ft. in width. - The roof trusses are of steel, and e 
supported on steel posts imbedded i in the brick walls. The « cover- 


g consists of standing seam steel roofing laid ona 
‘ "Douglas tr fir. a A traveling crane of 15 tons capacity, operated by hand 

fe power, traverses the building, the track girders being carried by i 


steel posts. This building ¢ contains all the hydraulic and electric ms a- 


2 
hinery used. ‘smaller, separate building serves as a I machine 


connected to electric ie generators. T The complete plant will consist 


“ten water- wheels a and dy ramos, ‘but only: five are at present installed 
although the power house building, the and the 


machines can she erected any time. 
The} water-wheels are o of the Knight pattern, 58 i ins. in 
with a capacity 1 200 H.. -P. each, at 300 0 revolutions per minute. 
dynamos are three- -phase alternating- current generators. They 


an of 750 kilowatts | at revolutions. per 


— 
if 
— 
im 

per second with reservoir, which corresponds to a velocity of 
«low in the 6-ft. pipe, of about 9 ft. per second. 
— 
4 
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exciter ives. an of 100 


either side of the longitudinal axis of of the building. There are two 


ions of 


‘them serves as tail- race. “After le Jeaving the building, the water is 
4 carried back to the Ogden River by a chesnel, which i is, in part, a 


covered flume, and d partly an open dite ditch. 


the machines at present installed, two of the wheels 


‘erators are placed on one side, and the ‘other. As the receiv ers, 


and in fact all portions o of the plant, are in in duplicate, the occurrence eed 


an accident, « which might cause a total : stoppage of the plant, is is almost 


In the 1] the © ste t isfor ers with a resent ¢ ca eat 
llery re are step- ransform rs pa 


"current posses into the transmission lines. 


_ The long-distance transmission lines are, at present, about 38 =_— ‘se 
4 
in length, , extending to a substation in Salt Lake City. y They deliv er 


¥ the current, at a voltage of 13 800, to the step-down | transformers, a 


which reduce it to 2 300 volts for local distribution. “There ar are, besides 
ower in Ogden. The cur rrent 
7 in lines has a voltage of of 2 290. 


‘ al The irrigation canals belonging to the company are situated near 


a the shore of Great Salt Lake. | Thew water from the pipe conduit, after 
leaving the | power house, is is allow ed to back into the natural bed 
oN - of the stream, and i is again taken out, at a point about five miles below, 
aq and diverted, so as to irrigate about 18 000 acres of land, not hereto- 7 “4 


prov ided with water. 


~ 


All portions ‘of the | plant are at complete ready for 


=. operation with h the exception of the large dam m and r reservoir, the con- 


struction 0 of which has begun. A onal crib, dam tem-— 


—— | 
— 
— 
— 
— 
— 
— 
4 
‘we 
: 
— 
istance above the site Or the 
porary headworks has been built a shor be nine, bat 
ich giv r filling the pipe, but 
large dam, which gives the “necessary head for Alling 
does not provide for any considerable storage of water. A temporary 
— stave pipe, 54 ins. in diameter, extends from the crib dam 
— tw i d a consid- 
tunnel. In this way, the power plant can be operated | 
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large co crete dam. 
on. Method of Doing Work.—The ' wooden and steel conduit was built by a 


contract t. The w work done included only the ‘complete construc- 


of all | portions of the ‘wooden a ‘and steel pipe line, but also all 


Ms earth and rock excavation and tunnel work, as as well as the masonry for — 


bridges, culverts and walls and the timber trestling. The 


steel bridges and the larger 1 valves we were purchased by the power com- 
‘panya and erected by day labor. Smaller incidental work, such as the 


temporary headworks, etc., were built by day labor under the direo- 


of the ineer, in small con tracts, The power 


obuilt by ¢ contract, but | the steel 


and the heavier girders erected by 
the mach as erected by the company y by day 


the supervision of i ite 


Detailed plans and specifications were made i in the chief 


- Office of all parts of the work excepting the | hydraulic and electric ma- - 7 


chinery, and thew work of the diffrent contractors was confined to car- 
 rying out the : plans under ‘the direction of the ‘chief engineer and his 
assistants. In the case of the machinery, the ne specifications furnished d 


tenting bidders gave the requirements and the arrange 


be 


gener would b e subjected od before acceptance. The detailed 
_— the 1 machinery was, however, left to the con companies which . 


The conduit consists approximately of 5 miles « of wooden save pipe _ 


and mile. of riveted steel pipe. former is every where ins.in 


internal diameter, while the latter has an average internal diameter of : 


1 ‘ins., but varies slightly at different points. As a 6- ft. steel pipe is 
from: three to four times as lineal foot as a wooden pipe 


the metallic conduit should be: reduced to: a minimum. 1. Besides: this, , the 
capacity of the smooth stave pipe is considerably greater xr than that of _ 
‘the ‘steel pipe, so that, from hydraulic considerations, the use of f wooden be 


is Fo or _ these reasons the cheaper pipe is. is 


im 
| 
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used from the dam toa point close to the power house. Its loca- 


¥ tient is such as to reduce the pressure that comes upon it as much as 


pone hawt increasing the excavation unduly. Hence th the e wooden 


slope which is believed to correspond to the niin, in a 


‘the e pipe. a large amount of curvature is is introduced, but the radii — 
are large, 80 that the obstruction to the floy flow i is probably i inappreciable. ; 

_ From the e end of the wooden } pipe, the s steel conduit runs direct to _ 
the power house. The slope of the steel pipe ii is quite steep, and had a 
pressure is from 50 to 200 Ibs. per square inch. 


For moderate diameters the choice ce between cast iron and 


teel ill lly d d local conditi F 6-ft. 
‘steel pipes will usually depend on local condit ions. ‘or a pipe 


under such heavy pressures and at 80 great a ba distance to the nearest 
foundries, the use of cast iron was ‘entirely out of the 
objections raised against the use of riveted conduits ar are their 


"greater liability to corrosion and their ‘smaller capacity, ow owing ng to 


greater frictional resis tance. In the Ogden pipe great care was taken 


to prevent ti the rusting o of the pletes i in transit and at thee hops, ond 8 A 


Coating of asphalt was afterwards applied a long life for the 


leave no room 


surface. 4 Just how much will depend ¢ on m the nature of the cor con-— 


7 struction and of the. coating, ‘the size of the pipe ar and the slope of the 
_ conduit. The recorded data for the flow of water in pipes exceeding 


7 ft. in diameter are very scanty, even for ‘smooth internal surfaces, 


Fort riveted conduits there are al ein existence. Vario for- 


malom ane in use for computing the fri onal resistances for new cases Ss 


cti 


they arise. ‘The best of these are confessedly empirical, ‘merely 
_ combining i in a convenient shape the results of a number of measure- — 


When applying them to novel conditions, the results can 
only. approximate, though the designing must ‘fall back o ‘on 
such inductions in determining the the size of conduits differing f from rom pre- 


examples. . Itisa a cherished hope of the projectors 0 of the Ogden 


a. pipe that it may furnish an op opportunity for a series of careful experi- 


_ ments which may throw additional light on the flow of water in aaillt ; 


 - 

possi 
— 
— 

— 
the capacity of the pipe is concerned, late experiments 
— a for doubt that a riveted pipe will convey considerably = 

— 

— 
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“inlet will be funnel- -shaped “that the at entrance will 

closely approach unity. The wooden pipe has an extremely smooth 
internal surface, absolutely without projections, and is is continuous for 


4 its entire length, anentehi three } points. These breaks consist of two 
riveted steel ¢ elbows ar and a short length of “open tunnel. wf The elbows. 


are re of the san same size construction as the atest pipe. a The 


gle about 45°. . 
In Tunnel N No.7 the pipe is for a length of about 


i ft., and the 1 unlined tunnel serves as a conduit. — Itis s about 9 ft. square, 


and its surface is quite rough. The additional resistances at these 
three points will not, is believed, absorb any considerable part of 
D head ios gate valves, when fully opened, will not obstruct the flow 


The surface of the steel pipe is very smooth, as the asphalt coating 
is glossy and cot continuous, with very very few wrinkles. The obstructi ik 


to flow are the longitudinal internal butt straps and the rivet heads. ms 
ss The former are 16 ins. wide and ti in. and } in. thick. _ They are con- — 


tinuous in almost all the sections, being exactly at the top of the pipe + 


that they obstruct the flo w much than would if breaking 
joint. . The x riv vets have low, ‘conical heads on the toc are 


4 smooth and regular it in shape. — 


a There are thirteen elbows of of 30-ft. radius i in the steel pipe, site one 
elbow of 40-ft. radius. From the end of the 6-ft. pipe, two. 4i- ft. 
"branches about 100 ft. long lead to the power house. — ae =< 

the 6-ft. pipe were open at its lower end, a straight line from the 
flow line in the reservoir to the end « of the pipe would represent men = 


gradient. that onan, the part + of the conduit 


would be above the hydraulic grade, sc so that air would be likely to. wath 
lect at at the high points and stop the flow . Asa actually us: used, the pipe 
is closed at its lower end, and the amount of water drawn off through — , a 
nozzles is. comparatively small, so that high pressure is main-— 
a tained i in the receivers. a The hydraulic grade line, 1 under these a 
tions, is at tall Points well above the conduit. ies a 
a The problem, then, is to o determine, for different amounts of water ji 


4 used per s second, the ‘eed of the total head which will be ~ ay 


— the Ogden conduit is compound, seven-eighths of its length being — if 
— 
— 
— 
— 
— 
— 
— 
 , 
| 
— 
2 
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bed by frictional resistances, and hence the pressure under which © 


tet water will be i in the re receiver at the lower end of the pipe. a, “a 
The e volume of water required to run the full’ plant of ten water- 


7 wheels will be 250 cu. ft. per second, which is s equivalent toa velocity — 
of 8 8% ft. per second in the 6-ft. pipe. The frictional resistances in ‘the 7 


wooden and steel } pipes for this velocity were were ‘computed separately and © 
Calculation of Friction —If / is the length of pipe in feet, di is 
‘the internal diameter of pipe | in ‘feet, v is the velocity of flow in in feet 7 
second, is 82. 2, the acceleration grav ity, fi is & coefficient that 
varies with d, v and the degree | of roughness in in the | pipe surface, 


7 h is the loss of head by friction, tl then — 

oo In this case, for the wooden pipe, tee 27 000 f a= 6.0 3 ft., ov: 


‘Then for: the smooth wooden pipe, and the above values of d and lo, 

~ fean be taken as 0.01, and for a length « of 1 000 ft. of pipe— > 


virtual slope of 2 ft: per 1 000, to which the v wooden pipe 


Ay 


_ This agrees closely with the value given for smooth pipes, under 
same conditions, by Hamilton Smith, M. Am. Soc. C. E. 


value c = 160 is equivalent toa of n= 0. 


7 7“ ‘Using the » preceding v value for h’, the total loss oss from fr iction i in the 7" 
___ wooden pipe is found to be h = 27000 x 0. 0197 = 53.19 ft _ 

For the riveted steel pipe, in the Chésy formula may be safely 
at three-fourths the above value, or or 120.” 


— 
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— 
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The friction head i in 1 2 000 1 lin. ft. of pipe will then be bear =a 
or, 16. 19 ft. in 4 4 600 ft. a steel conduit. sd ' a 


“4 For the w whole pipe line the loss of head will be 53. 19 + 16. 19 a4 


a. The difference i in 1 elevation between the flow tnei in the full reser- 


the center of the e receiver is 5 516 ft., , hence the ‘efficient head 
is 516 — (69.4 = 446.6 ft. t. This 1 must be slightly re reduced to allow for <9 ig 


the Venturi i meters and other specials. 
ese Pipe Construction. —The steel } pipe conduit extends from the 


% lower end of the wooden pipe at 8 station 278 + 50 to the ) power house. 


cf of ‘this length, about 4 600 ft. consists of 6- ft. ‘Pipe and the ominie 


PLATES 9'2"x 19'0” 
THICKNESS VARYING FROM 


i of 44 -ft. pipe, besides the receivers at the power house, which are 
‘merely sections of 6-ft.. pipe of of somewhat greater strength. 


profile is shown in Hig. 2, the alignment being a tangent 


from om end to end. At the e fourteen ve vertical angles the. change of - diree- ie 


tion is made by means of elbows. ‘The hydrostatic pressures i in | the 


pipe vary 45 Ibs. per square inch, where it joins the wooden 
pe, toa of 200 Ibs. per at the lower end. The 
size of of the plates is is the same 1e throughout th the straight part of the pipe, — 
« viz., +» 110 x 228 ins. » giving ng sections 9 ft. 2i ins. eng lengthwise se of the 
. conduit. . There a are 480 of such plates besides those used in the - 


bows. The varies from to tin in., with increments of 


— 
— 
— 
OOo 
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The internal tome varies ‘slightly with me thickness of the 


plates, , which are uniformly 228 ins. long with 3-i in. joints. 
=e Assuming the the circumference at the middle of the thickness of each > 

4 plate equal to 228. 375 ins., which h agrees ees closely with actual measure a 


g-in. metal an internal diameter of 72.32 ins. ae 


- or an an av erage tel of 72. ina., if the lengths of conduit which 


built of plates of different thicknesses are taken into account. 
— construction of the p pipes follows the ‘usual practice ice of marine — 
boiler work for high pressures, is shown in Fig. 3. Extracts 8 from 


 ‘Thes specifications for the steel were fully complied with, and 


finish of the plates s left nothing to be ne desired. 9 The clause in the especi- : 


fications ‘limiting the excess in weights to 5% ‘above the ealoulated 
ight, Ww while requiring the plate to be ‘practically of full an 
even ve the doubtless too severe. In making these 


the e excess in weight d down to the close limits woes f* Py a 


Another in n the specifications may referred to, namely, 


thicknesses must show the same strength and and ductility. Ww hile i in this 
_ ‘Tequirement th the common practice of the ; past few years is followed, it 


doubtful in the author’s opinion whether it can be si successfully de- 
fended. A tensile of 60 000 Ibs. per square inch, with | an 


ve 


elongation « of in 


ins., corresponds in a “plate 3 in. n. thick to ~— 
carbon percentage bout 0.15, if basic open- -hearth steel is 


with phosphorus and manganese as “specified. To obtain the same 

im 

strength and ductility i in the rolled down from slabs 

ingots of the same siz ine, it is e the carbon to. 
fully 0.24. ‘This means, of course, a steel, which will be 


‘more subject to injury in subsequent of manufacture. ‘The 


“rolling ” of plates into nto cylindrical } pipes causes severe strains in the — 
bs Causes severe str 


Mnetal, and experience has proved that much greater cane is 


in a perfect result in the thicker ‘sheets. ‘For this reason it. 


‘orn 


. 
— 
im 
i 
if 
— 
— 
— 
— 
— 
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= 
a 4 
— 

I 


Ww vould be desirable to ‘mo spe 


Strength of the Riveted Steel Pipe.— —The principal strain to which a 
water-pipe conduit is subjected i is that due to internal fluid pressure. — y 

For pipes in which the ratio. of the diameter to the thickness of the 
metal is considerable, this strain is given correctly by the simple 
formula of ‘Mariotte. For pipes closed at the ends, there is a longi- 

« tudinal strain in the plates composing g the conduit. any given case 


_ this anit strain will be only I half as great as as | that which tends to “nae 


— Dithewncee in n temperature and an unequal s 
_ duit m may also. develop strains of considerable amount, which must be 4 
be borne in when fixing the details of construction. Eve en more 
importent is the possible action of collapsing strains, due to external 


air pressure, which may -oceur if the pipe is by 
C= oa accident. It is is hardly feasible to build a pipe of of large d diameter to 4 


withstand an external strain this kind unless ss ample provision 
cy wt made for a admitting the outside air and. preventing the e formation of a 


 vaewum. In the Ogden pipe a large number of valves and relief tanita 


are provided for this purpose, which are described ; in detail in a fol- — 


lowing section of the p paper. 
7 i fixing t! the thicknesses of the plates « and the ‘he points o1 on the profile a 


at which they ch change, th the unit strains on the gross section were taken 


t 12 000 Ibs. per ‘square re inch in the 2-in. sheets, decreasing to 11000 


forthe Hin. plates, 


greatest head, h, to which any given thickness of plate was 
ted, is shown in the following table : 


$-in. plate, gross ‘Strain 12 000 Ibs. per: square inch, h = 288 ft. 

oz 


11 000 


¥ siheations for plates so as to 
ed in the thicker plates should | 
a would then be more nearly the 
, 
— 
— 
— 
> 
— 
| 
iim 
— 
— 


"The ast strains = the plates, the 
‘the joints, that is, the ratio of the e strength « of the joint to that of the — 
hed plate, are are given below. calculations will be under-— 


‘unpune 
stood batter by to the details of t the shown i in Fig. 3. 


- 


the pitch of which is twice as great as th that in in the other rows. 


Riverine, ZIGZAG ; Prien IN InsmpE Row. 
‘ins., ‘upset. Pitch, 34 ins. 


‘Plate, 4 12 in, n. Rivets, 1 ins., , cold; 15 


Maximum tensile s stress. Plates, gross section... 000 Ibs. per square | inch, 


Biicleney int, 85 per - 
Plate, §-in. Rivets, 12.ins., cold ; ins., upset. ‘Pitch, ins. 


Maximum tensile stress on plates, gross section....11 200 Ibs. per square inch. — T 


hearing stress on rivets .... 5200 
“Efficiency of joint, 85 per cent. gut 
i pins. 
eoll 1400 Ts. per square inch. 
shearing stress onr rivets... 
800 


; Efficiency of joints, 86.2 per cent 
Plate, 3 tin. Rivets, 1in., cold; 15 i 


- Maximum tensile st ress on plates, gross section... ee aM 11 600 Ibs. per | square inch. 7 


= 
shearing stress on 
Plate, ; in. Rivets, in., cold; in. , upset. ‘Pitch, ins. 


um tensile stress on plates, gross section....11 800 Ibs. per square inch. | 


4 net section -13 500 


shearing s stress on on rivets.. 5020 


Plate, in. Rivets, in., , cold; +4 in., Pitch, ins. 
000 Ibs. per square in ch. 


“ 


stress on | plates, gross section. 
i id “ 


Efficiency of joint, 87 per cent. — 


— 26 
> 
— 
— 
rq 
4 
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 Construc e plates in th the elbows 
is the same as in | adjacent straight s sections. ° “The change of direc- 
4 tion between successive y sections. of an elbow was limited to 4° or 50, ‘80 4 j 


that each section is about 2} or 3 ft. long. The 1 maximum angle ot 


any elbow was nine or ten ‘elbow sections. ‘The 
"straps, ‘sizes of rivets and rivet ‘spacing are the same as for mtg ~ 


Pipe. De Detailed drawings of all elbow plates were made in the — 
engineer's office, by which all work in the shop was done. 


_ Method of Constr ruction.—All the work connected with the ‘construc 


tion of the steel pipe sections was done at Ogden in a shop espe- 


and “equipped with ‘machinery for the "purpose by the 


ractors. - The principal 1 reasons for adopting this plan w Ww ere, ‘first, - 
4 the saving in fi freight charges w rhich resulted from being able to 


ay 


fl flat t plates >to the full capacity of the cars instead of ‘the finished 


or the lighter gauges, hardly half a carload 


is: could | have been loaded on a standard at car, and, ‘second, that — 


chief engineer and his assistant on the pipe line. 4 The contractor's wor ai 


8 work and inspection might be under the p personal supervision of the 


were erected auer the power end of the steel pipe line, on a spur track os 


4 3 miles i in length, laid by the Union Pacific Railroad toe connect with 


its main line. boiler shop was a substantial frame building, 


i covered with corrugated sheeting : ; it was 175 ~ Jong and 45 ft. wide, 


WwW ith a lean-to 40 ft. in width on senuil side. The railroad track passed ' 
_ through t the building at one end and all n material was unloaded Lal 


_ der cover by « traveling crane which ran from end to end of the | 
building, and, with . several sm small jib- -cranes, serve red to handle the 


¢ work at the different machines. This crane was of 5 tons capacity; } 


b the traversing ‘machinery | was operated by electricity, while air hoists: 


er This building contained all the machinery required for —7 


a d rolling, nlng and calking the pipe sections, and also the air com- 
1 the field riveting and -ealking machines in the 


trench ¥ were ariven. Two punches which were also used for shear- 


‘ing, a steam riveter, a set of 12 -in. plate rolls, 120 i ins. in length, and 
a 14-ft. planer for finishing the. - edges of plates and straps, constituted — 


¥ the larger machines installed. . Be esides this, there were these: ariling 


especially mounted ms reeming rivet: tholes, ond ‘some 


— 
— 
— 
— 
— 

$ 
— 

| 
= 


Chee 


shop, enclosed with corrugated i iron, was built, in 


as os te reduce the fire re risk of t the larger and more pecan 7 


cian The construction of the shop was begun a about May 15th, 1896, but 


ere was some delay i in the delivery of machinery 80 that the first 


sal was not punched ti 1 
nearly the end of the year, work 1 was pushed with two shifts of men, 


night and day ‘and seven days in every w veek. may be mentioned, 
in passing, that that in in September a a violent wind rena overturned the — 


main building, but fortunately di did little damage to the machinery, 80 


‘that the work was delayed only a a few days. 


_ The methods used were those of first- class boiler shops, an¢ and the 


ouk* turned out compared fav os ably w ith the pr oduct of we well- -equipped — 


eastern works. While it was not intended to increase the cost of the 
pipes unduly, the inspection was CO: continuous and severe. . ‘The planing 


re. of butt straps and the reaming of the , holes 1 for sin. rivets, as ~ 
quired iby the strictly insisted u upon, and the fitting 


s that the field was confined making the 


between adjoining ‘sections. The steam riveter used in the shop 
formed the heads by direct pressure and gave very good results. _ 
was nec scessary, , however, especially with rivets, to hold until: 


+ 
A 


Great care was the of f the joints. it was done 
entirely on the outside straps” by the use split caulking machines 
oon en by compressed air. The caulki ing w as generally done while ‘the , 


section was _ suspended above the | rive eter, so that the outer row of a 


‘Tivets i in the longitudinal butt-straps could be driven after the « he caulking 


nae finished. The caulking of one edge of the round straps had, of _ 
course, to be done after the pipe was s laid in the trench. pari, 2 ‘ae 


Dipping of the the Pipe.- soon as a section was completed, it was 


‘token to the dipping tank adjoining the shop, which v we equipped ; 


with a a revolving derrick moved by steam power. A The tank was cir- 


cular, made of j-in. steel plates, and buried | entirely b below the ground. 
mixtu 1re consisted of Cg grade California asphalt, with the 
; interstices filled with the best quality of natural liquid asphalt m maltha, 
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ve 14° gravity Beaumé test. was “melted and me 
= t at a proper temperature by “steam coils jin the tank. it 


ue that a prolonged process of ‘coating gave the best re results, and 


for this: reason nearly an hour was consumed in in dipping ¢ each section, _ 


gradually withdrawing it the boiling mixture. ‘The coating 


was smooth and | glossy, and stood the necessary handling without 


Erection and Riveting of Steel in the Trench. —The riveting 
of a steel pipe line of the diameter - and length of the Ogden | pipe in 


the short period of time to which the contractor was limited pre 4 * 


sented many difficulties. For the 1}-in. and even Lin in, hand 
work wa was ‘not “practicable, at and it was un undesirable even for the 
rivets. Power riveters for this class of field work were almost if not 
quite untried, and there was little for experiments. Two forms 
of power xr riveters were specially. designed for the and all the 
rivets were driven with them, there e being practically n no hand riveting 
on any part tof ‘the pipe. we were b both operated by compressed air 
4 which was drawn pipe laid down o on the edge the 


Pegram, M. Am. E. 4 ‘The parts of the machine in in the 
@ and on the outside of the ] pipe : are ‘entirely distinct. ‘The former -a 


‘Bists of of pressure cylinder and piston, the axis of which coincides 


with the central Tine of ‘the pipe, and a framework with» toggle-joi joint. a 


m ‘means of this the thrust of the piston | is turned through 90°, so 

t to form the heads of two rivets diametrically “opposite each other on 

inside of the pipe. The cylinder revolves freely on its axis 


< 

can ‘be rotated so as to drive in succession all the rivets in a given = 
row. I It is is supported by means of springs on a low iron truck with 


s wheels, running on a short | track which 1 rests on the bottom of the 


pipe. This machine acts by ‘dir rect pressure like the steam riveting 


machines commonly used in boiler and shops. 


‘The portion of this machine outside of the pipe ainda essentially — 


heavy cast-steel ring which furnishes the }oencenny reaction against 


— 
— 
~ 
The first type of machine adopted by the contractors and used 
. x exclusivelv in the earlier staves of the work was desioned by George 
‘a 
4 


GOLDMARK oN PION EER “POW VER. PLANT. 


‘de. For th 


by means as of hand- are to the ring 
points ring ‘hangs from a framework above, which 


‘taavels o on & on the of the pipe. Gue- 


hen in operation, two ae, 


are inserted from | the outside i into diametrically opposite; the 


a "ring is moved sc so that two of the e cups come « exactly opposite the rivets. 7 


The hand-wheels are then screwed down and pressure is applied from 


the cylinder in a tow driven with 
ine mus 

must 

moved ahead, ai for so heavy ax an apparatus, is is rather slow work. 


About 500 rivets have been in a day of te hours with: this 


The second type. of riveting machine used is much lighter than the 
one last described. The heads are not formed by but 


by striking a large number of blows in: rapid succession. frame 


work encircles the pipe and sustains reaction ; it revolves" 
on the } pipe on | special cast rollers. One rivet only is driven at s atime, 


the he head of which is formed on the inside of the pipe. oe ‘There is an — 


air eylinder v with a poten which is moved after the rivet 

sion riveter within the Pipe. The latter is comparatively | light so 


it can led by only two men working | inside of the pipe. It con- 


sists. of a small air ‘eylinder, similar to that of a percussion n rock-drill, 
the piston- of which has a cup at its outer end. This contrivance 
is held place by a heavy rod, fastened into a hole diametri- 


Oe operation is similar to that of the Pegram riveter, and the — 


number of rivets driven per day is about the veapell Owing to its 1 < 


lightness, the number of men weasinnld to handle this mac hine 
considerably less, thus reducing the cost of driving a rivet. 


appears to be: entirely satisfactory, although 


-in. riv — in the }4-in. . plates, ‘a somewhat heavier 


and | the sections were distributed in 
onv venient a number of lengths» were unloaded 


r? 


— 
the ring around the avis o a nine 
— 
— 
—— 
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and a sloping runw ay cut out, along which the sections were skidded a 


into the e ditch. ¥ A short length of light ‘railroad track was commonly 4 , 
built slong | the conter of on the sections were trans- 


the riveter to pass. The supported on on timber 
2a ing placed from 5 | 5 to 9 ft. apart. ‘ This blocking ¢ consisted of (6x Gin 


4 timbers, from three to six pieces being laid one - top of the other, 
‘The engineer’s grade stakes were generally” set with their tops a 


~~ 


ag 
multiple of 6 ins. below the bottom of the pipe, so that the foreman a Bs 
knew just how many timbers were needed at any point to give correct 
The j of was readily mate and the practice 


machines, so that both riveting and erection could proceec duninter- 


4 
d erection e 
Pf ‘Fuptedly. the beginning of the work much. difficulty was met 
in building the pipe toa a straight line, as it showed a decided tendency 
a 
to assume a vertical curve which threatened to bring the > pipe t to the 
q _ center of the earth instead of the top of the hill side. a The exact cause a ; 
% of this distressing phenomenon was the ‘subject of much dis cussion, ie 
4 
= but was never fully settled. _ As a matter of fact, after the men becam me * 


‘more experienced and | greater care was token w ith the blocking, the 


 diffier ulty « ' disappeared, , and the foreman finally became quite expert in in 


ing the pipe any elevation or direction. The elbows and 
tangents fitted the ground almost perfectly, an and of about 500 plates 
_ ordered not not asingle on one was was spoiled, eith either ‘in the sho shop or or field. p39 q 
‘4 Testing t the Pipe. —w hen the first ten sections of Hei in. pipe were : 

4 riveted up in the trench, ‘making a total of 92 ft. of completed pipe, is 
they w were closed at each end by dished heads, which were bolted ma 


4 and caulked with lead. The pipes were fillea w ith water and = 


to hydraulic ¢ pressure. For this pur ‘purpose the air compressor = 


speeded up so as to give a pressure of 200 Ths. per square inch, which 


as malatained for tw minutes, when it was stopped from fear of 


injuring the rather light ¢ ompressor used. hile the 


— 
: 
ae 
riveting machines used made it necessary to excavate belowthe 
| 
in 
| 
— 
by a hand-pump. This last increment of pressure was applied as 
— jerk or kind of water-hammer, so that 
— 


‘Under this pressure the pipe proved to be very tight. | Out of some _ 


cA 3 000 rivets, only twenty- -two were discovered that leaked at all, and 


most of these n merely sweated. : The caulked joints were also practically a 
ight, showing only a few slight leaks. These sections were the first 


built. _ The later work would probably, if | tested in like manner, 


yen even better results, 


__ Anchorages. —The profile of the steel pipe line shows that it con- b 


tains some steep grades. It was deemed advisable to hold the pipe eat 
these places by building anchorages around it at the angle points. 


These anchorages consist of blocks, about 8 8x 10 ft. in section 
about 10 ft. long. They were ‘built in timber molds. The 
mixture: consisted generally of Portland cement, sand | and 
stone, in the propestions one, two > and five. 


‘ pipe until until after i it was completed and filled with water, but a the work 


progresse¢ a it was found that | the effect of the differences in temperatur e- 
‘made it desirable to pu put in n the back- filling sooner. Theearth was, there- - 


fore, chev under and around the pipe, filling the trenches ana cover- 
ing the ] pipe about 3 ft. on the top. ‘The filling was, of course, carefully 


tamped. The effect of temperature on the pipe was tw ofold. Ww Vhen 
=) there Ww as as bright sunshine on the op of the pipe, the bottom remain- 
ing in the shade, the e exposed side was elongated, so that the pipe line 

_ became « curv ed, | and in one case was observed to lift from its supports 


fora distance of rand mens ft. ; besides this, there was considerable ex. 


pansi sion and contraction longitudinally, as well as as a change in the 


diameter of the pipe. As a consequence, the pipe shrank away from 
“the concrete in the anchorages, leaving openings which, in some cases, — 


were as large as half an in iach. i Several of the concrete anc horages also a 


cracks, both on top and ¢ on | their — 


Weights and Lengths of Steel Pipe. —There are 476 regular sections of 
6-ft. pipe, besides the 14 elbows. The lengths and weights: 

given in Table No. i, ‘calculated ona a basis o of 490 Ibs. ‘per er cubic 
foot. _ The invoice weights were about 69¢ greater. 


‘ Wooden Stave } Pipe. —The wooden stave pipe is of of the type success- 
- fully used in the West for many years. . It is believed, however ever, that 
ite diameter of 6 ft. is is greater ' than that of any conduit of the kind ia 


Previously built. a Ar new departure, too, is the 1 use e of Douglas fir i in e 


im 

— 
in + 

— 
a 
iii 
= 
iii 

q 
im 

| 
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— 


place of California ‘redwood. 


stiffer, and and some trouble was anticipated in in its use for staves, especi- 58 
ally i in view of the great amount of curvature in the pipe line. After 


the first few days, howev er, no great diffi culty w was e xperienced i in » put- o : 


ys, 


“ 
the stav es together properly, even on the 14 curves. “2 


‘The lamber was s furnished by Oregon and W. ashington : mills, being 4 


planed on all sides to a uniform finished size of 8 x 2} ins. before eship- 


Png perfectly free from knots, sap holes, season- checks and other 


oe ment. The specification was a sever: vere one, requiring the best class of so 


_™ ABLE No. EIGHT OF Pree. 


Weight of 


lates. 


Weight of 
roundabout 
rivets 
Piet: 


 loagivadinal 
 gtraps. 


od 
Grand tota 


p 


straps. 
plates and 


Weight of 


2 1711.2 
607.2 205 260 
726. 8) 766 
644.0 280 000 
266.8 | is 818 
423.2 620 


100% 
6144 | 17628} 95003 | 11593 596 


a 8}-ft. pipe near the dam. the 4}-ft. pipe at the iP 
: raised Any total weight of the steel pipe to over 2 500 000 Ibs. 7 

at Ogden. The lumber used was almost beyond criticism, being 


practically perfect in It was, as far as Possible, thor 


being ins. wide on outside, si 
ins. in ‘thickness, planing m for the work of of building the 


In this mill both of the staves: were dressed in in a plan- 
ing machine to conform to the outlines of | a a circle; the outside to a 


— 
— 1ER POWER PLANT. 
— | 
| 
— 
| 
57846 | 52200) 605922 | 45019 ao | 434 
24569 | 29550| 24275 | 355475 | 558 
12 ( 13 268 844 | 23.637 | 292 481 
476... | 1 615 340 | 15 761 171 520 | 1942 
14 elbows in 6-ft.pipe.; 7 
7 
im 
— 
— 
— 
f 364 ims. radius. 


‘The radial were planes, amocthiy finished. Steel templets of 
te stave » section 1 were furnished to the contractor and the inspectors, 4 


no stave varying more than in. was accepted. 
"According to the of the staves were to 


16, 18, and 20 ft., but not more than 15% of 16-ft. lengths, nor ‘more — 


than 30% of 18- ft. lengths, were allowed. a “This condition was fully com- — 


plied with, d many! lengths 24 ft., 26 ft., even more, were 


at least 12. ins. at all end joints a a was placed, 


fitted into grooves sawed into ‘the ends of the staves. “These 


width that the tongues fitted tightly. The tongues were ins. 


‘wide, about 4 + in. thick, and somewhat longer than the width of the 
staves, 80 a8 to extend +} in. into the two adjoining s stav es. Experience — 
= in previous conduits has shown that this construction is sufficient to 
‘i make s a tight joint at the ends of staves. a ‘The radial edges c of the staves . 
: are perfectly plain, without the beading sometimes used, ee ' 


being placed on the swelling « of the timber for - producing a tight. joint. 


“Bills. At intervals of 8 ft. throughout the length of of the conduit, , : 
sills | x 8 ins. and 8 ‘ft. long were laid in the trench with -in. side 


"down, at right angles to the ¢ center line of the pipe, with chocks cut 
to fit the periphery of the pipe at each side and fastened on top of each — 
sill bys a boat spike. An additional brace of 2 2 4- timber was placed 
at an angle. of 459, ‘and also spiked to the sill. ‘These sills 


bedded as exactly as possible, according to the engineer's lines and © 


grades, and Prov ed a sufficient guide for placing the pipe in n ite proper 


= ’ Many different methods for banding stave pipe have been — 
= from time to ane, but only a few of them have had the pan a <" 
of of prac tical ractical experience. . In the ea early } pipe lines, bands similar to those 


lag on barrels were employed, | but the use of round rods of steel has — 


now become ‘universal for all but smallest t sizes. ‘There are, how- « 


n the the bands © ‘consiat st of rou d steel rods of -in. 


diameter, the latter being used only wee ere the pressure ex ex- 
& 


ceeds that due to a head of 100 ft. _ They were made of tested steel, i 
yan ultimate in tension 1 of between 55 000 and 65 000 7 


4 

a 
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~ Ibs. per square inch, an elastic limit of 40 000 Ibs. per square inch, and 


an elongation of 25% in 8 ins. ns. The percentage of phosphor us wasnotto 
0. and 0. .075. Each ro rod was to bend cold throu, gh 


steel shoes. ‘Their shapes and sizes are represented in Fig. 4 . 2 


are two kinds of rods, one of each kind being ; required t to make ce a com- 


we plete 1 ring or band. The first kind has « a loop e eye ‘at each en end ar and was: 


a ‘made of one piece 0: of f steel without welds, except in the > loops. 


SCALE OF DETANLS 


ENDS UPSET TO X"OR®%,DIAM. WITH 
MANUFACTURER'S STANDARD SCREW THREAD 


ELEVATION 


‘s second kind of rod has two upset screw ends made without welding. > R 
All nu nuts were at least t Fi in. . thick, and of such close fit that with clean 


‘threads: they could not be turned with the fingers. ¥ The shoes are also 


shown in Fig. 4, , together w with the method of adjusting the rods and 
‘ shoes. ‘? They were pressed when hot out of ;°j-in. steel and have proved , 


quite satisfactory during the construction of the pipe, though : a slight 
‘ increase of the thickness of metal would probably be an improvement. — 


_ The form of shoe and rods was designed by Mr. J. ©. 0’ Melveny, of 


= 
a 
— 
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are placed aoa: to 1 the end of t the he pipe w with © 


‘ime shoes at the sides and spaced according t to > the instructions of t the 7 


engineer. was desired to subject the bands, as far as pos possible, to 


_ the same maximum unit strain in all portions of of the conduit. For this 4 


_ purpose a mad was prepared giving the number of bands to be used i in 


each 100 ft. of pipe and their aver age distance s apart. - Where there was 2 
much difference in the pressure within the limits of a 100-ft. section, 


the was changed at the + point, and in some cases a 


different ‘spacing was used i in eve ery 25 ft. of length. 

working stress 0 ofa in. rod was taken at 4 500 Ibs., and of a 3-in. 

rod at 6 500 Ibs., giv ing a unit strain n of 14 660 lbs. per square inch of 

metal. The 5] spacing w was, of course, , proportioned in acco ordance w ith | 


the head at each point, the whole water pressure being supposed to be ° 


carried by the bands, as no allowance was made for any stiffness ial 
The following simple formaie was used in the computations, the 


- diameter of the pipe » being taken as 6 ft., in which H is the « effective head 
in feet 2 at any point, Ni is the number of bands required for length of 


62. 
Ax 62 


“bands are. used for 100 ft., , and ‘bands for 


“pressures, ‘The specing for | the bands varies from 5 5} down to 23 
oy ins., changing by differences of a4of an inch between 5 51 and 4ins., | 


and by differences of 4 in. between 4and 23 ins. The spacit cing of the 
iin. bands i is 4 ins. for 100 ft. head, which is gradually 


‘differences « of to a minimum pitch of gi ins. By this arrange- 


ment the ‘Strain on the the metal comes within 39% of being the | same on — 
only other detail that calls for is ate of 
i wooden and the steel Pipes. As sho shown i in Fig. 5 5 all parts ar are of - 
opaly steel. : The steel hey enters into to the s stave pipe for a length of 


bolt des this, there a are two angle 


aes to the s steht while the other con- 


—s 
— 
— ima 
q 
ite 
= 
Orme 
> 
a 
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ists of loose angle irons fastened by bolts. | ‘There is a | packing of of = 
“tarred burlap between n thes steel rings the s staves. Six connections 


a, of this kind are used in | he main dpe each at the u pper and 4 


necessary to use steel 8. 


ible, and at the > mouth of the cafon a cable-way oni 


a 000. in length ‘supported on framed towers, was built, » by which q 
- large. amount of material was “raised. 7 The hoisting en engine, the lift is 
7 ing capacity of which was about a ton, was placed at the bottom. ‘The oa8 


"y incline described later i in connection mn with the bridge work also ‘served 
“SPACE LEFT FOR CAULKING PURPOSES 

a 


= 


2"WOOD PIP 
N36" STEEL PIPE 


< 
to take up pipe material. A light track, laid in the tr trench, was used 
for. distributing the staves and bands. 
The building the proceeded at of different 
points simultaneously, and time there coven separate 


gangs at work, laying as much as 500 lin. ft. per day. the lower 
q portion it was not possible t to work at more than two or three pee 2: 


+S 
a Each gang consisted of som about twenty men; about hs half. of f these were en- = 
: “gaged i in putting the s staves aves together, u using only enough bands to keep 


cinched back afterwards several 


prop iy set beforehand, but where th 


— 
— 
— 4 
irechon.—The hight weight of the separate staves and bands makes 
stave pipe specially adapted for caion work. In the upper part of 
— 
— 
—— 
L 
full number of bands. 
times with short wrenches, so as to Obtain proper amo S10 
without crushing the fiber of the wood, 
Tl building the pipe on the 
‘sills, ere were sharp, ig 
— 


eurves, ‘it was to ageing the partly pipe by means 


of jacks. y was then held in “place by blocking, and, after being 
full bended, showed | te to straight line. In 


but the vertical was s made s slightly greater than the 


except t the parts in the tunnels and on the 


‘The amount of lumber r used was about 1 500 000 ft. B. M., M., and the 


Ns total | weight of steel i in bands a: and shoes about 2 500 000 Tbs. _ 


OF ANGLE TO CENTER OF FLOOR 


ROD NOT TO BE FURNI 


7 


! 


oy Bridges.—There are nine bridges on ‘the line of the ites of which ~ 
ne is a timber trestle, while the rest: built of steal Besides these, 


‘ 


nder both the wood and the steel pipes. = a Lanai 


ie ‘ The longest span is the bridge v w hich carries the | pipe over the Ogden 7 


1 of of which carry the wooden pipe, , there are a few short culverts 


- at the ‘the only place where the conduit crosses that stream. _ This 


bridge is a riveted bowstring girder 75 ft. in length. The top: chord — 
the segment of acircle, with a 75-ft. radius, while the lower a 


“chord is bent to ‘an arc corresponding toa vertical curve of 6° 
‘The beams are attached verticals 4 ft. Bi ins. apart. ‘The dis-— 

n centers of girders i is 8 ft. 6i ins. : 


| 
a 
— 
= 

= 
4 
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lateral 


every 40 4or5 ft., 


‘The distance between girders is is 88 ft. 6 ins. throughout. 
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‘| 


abutments. The only interesting feature in their construction arises: 
4 from the fact that the } pipe line is built with vertical ; curv eam so 


t the fi floor beams had to be placed at different elev: 


i tops of the abutments were therefore placed at such an elev ation that 


F a s straight line connecting the bed plates i is ‘parallel to the chord of the 


offsets from’ this chord for 


j 

a gtrnctnre was < ( | 
structure cheaper. They are all riveted gi i 
racing and vertical end posts. The floor be  - 
a O as po he stave ipe 
ye _at frequent intervals, 
— 
— 

— <1 ASM 

= 

— —— 


floor beam 


‘themselves remained the same 1e for | these four spans. 


; The line at bridge 5, Fig. 7, is in rock and on aside hill. At the ale 
Tine of the pipe the surface of the qevens is at nearly the same level as as \ 


the bottom of the pipe, sloping « at an n angle « of 50° to 80° at either side. f. 


A masonry retaining wa wall would have been 20 or more feet in height, 
4 with considerable rock excavation in the foundation. It therefore, 


decided to use a steel construction instead. The latter con consists of a _ 


single girder 56 55.5 5 ft. long over all, with its ends resting on abutments, — 


Pi 
an of floor beams that carry the Pipe; they have one end bolted to 7 


small, ‘Separate Piers « or low w walls built on the rock. raat Pn ald 
On this bridge , the line of the pipe follows : a Jo vertical ‘anda a 140° 
horizontal curve. In order to conform to the curved horizontal align-— 7 


e girder, the other end being ‘supported directly 0 on the rock or on 


"ment, it was to vary | the construction of each beam, 


center of the pipe | had to ‘be placed at varying 


om the 
points of attachment ¢ of t the floor beame to to the girders, os as 


i: Bridge 0 consists of two — 34 ft. each, , and is 0 is of the same type” y 


~ Bridge 1 is a steel trestle, 136 ft. 7 ins. long, c consisting of three 


ial of 33 ft. 34 ins. and two braced towers of 18 ft. BF i ins. The end — fet 


Spans are re supported on masonry abutments, while thet tower posts rest 7 


be Detailed plans showing all dimensions were made, and bids asked 


for per pound of finished bridge w work, f. o. b., Chicago. 
In calculating strains, the following loads were used: + 


7: det 
eight of water in 1 850 Ibs. per lineal 


unit used were 13 000° Ibs. per inch net in 
n-hearth steel wa: as s used, which, when tested i in 1 sample ebars 


ins, “apratigg and 10 i ins. between grips, met the following requirements: io 


is he girders determined accordingly. The floor beams 
a 
- 

— 
— 
4 
| 
2 
ings 
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Ultimate strength... .54 000 to 62 000 Ibs. per inch. 


Elastic limit 000 Ibs. per square inch. 
= per square 


Elongation i in 8 ‘Sins... 24 per cent. 


Also t the usual 1 bending « and | drifting tests. 


- All mill ond shop work was inspected, the usual specifications for 


“the best class of punched work being followed; the holes for all 


field connections were drilled to turned bolts. 
on Erection of Bridges.- —The bridges over Ogden River and bridge 0 


were clos close to the highway and readily accessible. . The other oun. . 


= 


_ were located i in the rocky past of f the -cafion, from 200 to 500 ft. above | 


the bottom. hon The side slopes \ were too § steep for building a a wagon ing 


angle of fully , 45°, ‘Ties were placed about 8 ft. apart, and a. a light steel — 


railroad tra track laid on them 


The cars containing the x material were hoisted by means of a 3-in. | 


= and followed the rock close to ‘the ground : at a an average 


Bee “steel v wire cable which passed around a sheave securely anchored at ‘a 


_ the top. - Two h horses s working a a sweep at the bottom were sufficient to — 4 


raise a maximum load of 3000 Ibs. The empty cars were lowered by oye 


braking. ‘The whole contrivance cost o only a few hundred dollars, — = 


— 


served to hoist most of the bridge ste steel, besides a a large | amount of rp o 
_ stave lumber and bands for the wooden | pipe. The s steel for bridge 6 = - 
After it was hoisted to the top the material was distributed by cars = a 
by mules along the light railwa ay track which was built for the } 
wood pipe co construction. This was rather tedious work, owing mainly 
te the sharp curv es in the line. The short girders 18 and 34 ft. long, a | 
from the shop in one p piece, bi but the 55- ft. and 

‘Fore erection, light, enced, timber falsework was 

which, in some places, was 30 to 40 ft. high | and rested on the rock a 


below. oO wing to its steep slope, | it was not easy to find a good sup- — 


Peis, 


port for the sills, and one or two bents recourse was had a: 


to blasting. | The total cost of erection, mn, considering the light character — 


lt the work, was not excessive, being honey me more than J] cent per 


ey 
— — 
— — 
— 
| 

> 
ii 
— 
— 
— 
— 
Ly 

— 


M 


hee The erection was done by the he Pioneer Electric Power ‘Company by 


: day labor, as the steel bridges v were not included in the pipe line 


6 
dato to its junction with the; steel pipe. e. The: material used was s Douglas: > 
fir, with the sills resting on masonry piers, ; 


—Y 
Yj 
Z 
Z 


and piers” 


e 


consisted of 


stones. No attempt at regular on made, but the stones were © 


‘selected and laid so as to break joints horizontally and vertically. 


English o or German Portland cement was used for mortar in the | pro- 
Portion one part of cement three parts of sand. The 
a 


— 


— 
| — 
ound. There was, — 

on 

Masonry Abutments and Piers.—The abutments 
bridges were built of rubble masonry laid i 
iim 
>. 


= 
— 
GOLDMARK ON PIONEER POWER 
= and Other Specials. —Between the inlet tower at the d 
_- power | house there are five large gate val valves, ‘besides the smaller a 


blow-off and relief valves. Three of these valves. are 72 ins. in diame 
ter, and the « other: two 42 i ins. 


a the gates of these heavy, ‘each has two bronze disks 
_ or wheels placed on the lower side, preceded and followed bya a solid — 


‘bronze scraper or track cleaner. _ These wheels run on . bronze track ie 
fastened to the case of the valve, and the seraper coming - close to the 


4 


tracks keeps them clear of m mud and other obstructions, and allows 
J wheels to hug the the track closely and prevent the binding of the gates. 
These valves were designed to w ithstand maximum water pressure of 

Ibs. per square inch and weigh about 22 000 lbs. each. As the gate- 

“4 house : was ‘nearly 7 miles fr from the end of the si ‘side tra track, , they were 

shipped in ‘sections and put together on the ground. Although the 


_ manufacturers feared that the valve seats s might b be injured in transit, it 


q 


is believed t that. no damage was dene, vend the gearing was le = 


: ~The third 72-i rin. _ valve is placed r near elbow 2 of the steel pipe li Tine, 


ed ft. below its junction with the we wooden pipe. purpose is 


eer 


F point i is nine 200 ft. The va alve we was lesan for s a 5 pressure of 100 Ibs. 


_ per square inch. . 7 The construction of a valve of this size and pressure — s a 
was almost unprecedented. In general arrangement, it is similar to 


the lighter valves previously mentioned, but all pasts are, of course, 4 “a 
uch heavier, and there is only a single valve stem. It hasa cate 


ob by-pass, and is operated by a hydraulic lift ‘lift supplied with pressure — 
water from the ‘main pipe above the v v e 

os is 8 ft. high, an and 4 ft. from face to face a flanges, an 


a cylinder i is linea with ‘bronze to prevent « corrosion, ‘the » spindle within — 
: it being s steel with a bronze casing 4} ins. in diameter. i The valve stem fe 
_ proper is made ot the best bronze. ‘This valvei is fitted with the bronze 


— 
4 | 4 
ig 
; 
dam, shown in Fig. 8. These two valves are identical in construction. 
_ They are horizontal valves, with double gates. There are two separate a 
which are coerad tacethar and aso anaretad As 

| 
| |. 
| 
| 
— 

| > avem whan the ates! wine is a heed at thi 
| 
— 
— 
— 
? 

> 

scraper wheels an Track aire y aescribped. y 

— 
— 


rh ‘The site of this valve was only three-quarters of a mile from the | 
"railroad siding, but fully 300 ft. above it, and accessible only by such | 4 
_ temporary r roadways as had been constructed for building ‘ the pipe e 
Tine. ‘The tota weight of this valve i is 000 Ibs. It was, of course, 
shipped in but it was found impossible to reduce the weight 
_ of the heaviest single cae below 20 000 lbs. a Transporting such large © 
_ masses was, of course, slow | and difficult, and twenty- -four horses were + 
required te to move the heaviest piece. ‘The valve w was, however, safely 

_ transported and put together without accident. It i is believed to be. 


The foundations for these valves were concrete blocks, carried down 


= 


PuNo oF 54 Pipe 
CONNECTING 
BREECHES Pipe 


3t to 5 ft. toa gravel bottom. were made wide. enough to 


"support the ends of adjacent pipe sections, 80 a: as to relieve the 


iron end flanges « of the valves of strain. The > permissible poessure re on ys 

the soil was taken at 1 000 Ibs. per or square f foot 

Besides ‘these large “valves, there are two smaller ones 43 ins. 
diameter, which are placed between the lower end of the 6- ft. pipe 


and the power house on the two branches that. lead to the r receivers. 


These branch pipes are 54 ins. in diameter, t their g general construction 
e 54 ins. t 


Doing the sa ‘same al that of the larger pipes. ‘They are | reduced t 

ia ins. by the introduction of the Venturi meters, thus permitting the 

of hoes smaller valves. These valves were tested to 400 Ibs. me 


— 
im 
7 ~ a 
— 
— 
Tee 
7 
— 
— 
4 
: 4 
— 


a9 The ‘connection valves the steel conduit 


64 HOLES FOR 1% BOLTS 
EQUALLY SPACED 


\RIBS HIGH 
= 


a EQUALLY SPACED 


rugated copper gaskets and red lead are used 
water tight. . The location of these valves - 


the Venturi meters shown in Fig. 9. 
Venturi Meters. flow of water is to be measured 


byt two ‘Venturi meters, one in each of the branch pipes supplying 4 
the receivers. T They are 


he built of cast iron for a pressure of 250 Ibs. 


ent is the same as that of 
per square inch. Their general arrangemen 
They have two separate stems and are mo 
8 «C&| 
‘other is bolted to the 
q 
— 
a 
flange of the valve. Co 5 
to: make this connection 
— 


GOLDMARK ON PIO A 
inch, the nections being connected by Senge: and bolts. — 
‘The registers are of the latest type made, in which weights are used for _ 
operating the mechanism. They are placed inside of the power house | 
and are connected with the meters by 3-in. seamless brass tubing. 
_ The registers will record the flow from a minimum of 15 cu. ft. pe 
= 


| 
_ Breeches Pipe.—The connection between the 72-in. 
_ two 54-in. branches is made by a steel casting, the general appearance al 
which is shown in Fig.10. The pressure at this point is nearly 200 lbs. 
per square inch. _ Connection with the steel pipes is made by cast-steel _ 
angle flanges and bolts. A heavy concrete block is built around the 
casting, to secure it against the heavy longitudinal pressure, and to re- 
lieve the flanges and the adjacent pipe secti nstrain. 


ive 


ill 130 cu. if the flow exceeds 130 cu. ft., 16 & 

pass the m meter without injuring it but the ex 

| 

| 

— 


et Shaft and Stand Pipe.—At Station 247, the pipe line i is in aul . 


d but | little below the lower r hydraulic grade lit line, and about 50 ft. “ 
surface of ground. point was selected for the loca 


an outlet shaft. — It is 6 ft. in 1 diameter, and w was sunk from the b 
ough thee rock to connect wih the tunnel. With full 
- reservoir the t op » of the shaft comes close to theu upper hydraulic grade, 
7 if the e virtual slope is assumed equal to 0. 002. The pressure in the 
‘pipe below the shaft can never exceed that due ‘to the head of water 
corresponding to the top p of the shaft. - This. reduces the static head, 
on the lower part of the ‘pipe | line, about 50 ft. In case the lower 
“valves near ‘the power house are closed, , this shaft: will, course, over- 


4 flow until the inlet valves at the dam are closed. A further important — 


This shaft is not lined, but connects directly with the below. 
wooden in this tunnel is left out for | a ‘distan 


and are bedded in concrete. 


In addition to this shaft, a stand- -pipe was built which comets 
- ag with the 6-ft. . steel conduit just below its s junction with the wooden 
pipe, and a short: distance | above the heavy 72-in. valve. 
pipe isa a wooden stave pipe, 49 ins. in internal diameter, built of twenty- 


p- four staves and banded in the same way as the 6-ft. pipe. “ It is laid om 


 nelans 

— 
= 7 

— 
—— 

q 


tangent and follows the « ground up up to the 
Ss grade line. . Itis is 550 ft. long, and is intended mainly to act as a safety y. 


valve in case the large valves below should be too suddenly ¢ closed, Jor 


in case « ofa collapse ¢ of the pipe. 


Sra ‘These two relief  welief openings will always permit the water to rise freely 


to the levels corresponding to the en at the points where | they 

leave e the main conduit. As the pipe is of is of practically constant diam- 
eter and of the same construction from the dam to the lower ‘stand = 
Pipe, bea an an excellent chance for determining the true 


Valves. —These are of two kinds: 6 ins. in diameter, 
‘Fig. 11, and ‘‘ group valves,’ consisting of ten 2-in. valves in each group, 


which are by rubber balls, giving an aggregate area equal toa 


single 6-i -in. opening; benides this, they have a off valve. 
ee During the p process 8 of filling the pipe w vith water all these ciate 
Temain open, allowing the air to escape, until the water pressure > closes 
valves one after the other. the pipe is to emptied, the re- 


Verse p process takes “place, the valves opening as the: water flows out, 
on permitting the air to enter as fast as the water escapes. — AGin. | 


Ps gate valve was placed t between the air valves and the main pipe. . ‘This 


— 
iia 
—— 
BS 

— 
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"gate is intended to be left ope open ‘under normal scailtateins see closed 


a a only in case of ‘damage to the : airy valve. _ These air valves are placed pe 


at all summits on the wooden and steel pipes. 


Blow: Off or Mud Valves.—These are placed all depressions in 
* the pipe, , both for emptying the pipe and also for removing acc accumula- 


i tions of sand, earth and other foreign ‘matters, They consist of Gin, » 
i gate valves, through which the water is discharged into > small 
timber ‘flumes in trenches, and to the river. 


a 


of relief. are ‘used close to dine power 


which allow water to ‘escape when the pressure exceeds 200 Ibs. ‘per 
square inch. Fi ive of these valves are placed on the 6-ft. pipe just 


above the breeches } pipe, pe, five on each of the r receiver ers, and one on cach 
‘intake ipe between the receivers and wheels. 
pie botwe 


large valves are enclosed in of masonry and 


- constrt uction n, la arge enough to protect them from the weather and allow % 
i of their operation. The smaller valves an and the manholes are covered 


by timber boxes to protect them from frost and accidental 


turbance. 
HypRavuic AN anp Execrric MacHinery. 


For the ‘following description of the hydraulic and electric ma- 


-chinery, the author indebted to] Mr. L. Boggs, the electrical en 


-gineer of ‘the Pioneer| Electric Power Company, in charge of ‘its 


- erection. A plan and transverse section of the ] powe er house are areshown 


4 The installation compri ises the following apparatus: Five 750-K. W. a 


poly; phase 2 2 300- volt generators; two 100-K. W. direct-current 500- volt 
 exciters; five 1 200- H.-P. ‘Knight water- wheels; two 135-H. -P. Knight 


 -water- -wheels; one 7-] panel generator switchboard ; ‘one 12-panel dis- 4 


switchboard; nine 250-K. W. step-up transformers; 


a _ blowers or cooling outfits; one 15-ton traveling crane; two Venturi 


>. —— Ree Receivers.—As noted in the general description of the works, the eo 


water is delivered from the pipe conduit into two receivers, which oni a 


Duried in ‘the ground, one at either side of the power - house. ‘They 


are 6 6 ft. in diameter, and, in their general appearance an and the ae 3 


“used, cl closely resemble { the regular steel pipe conduit. be 


“noted, however, that the thickness of the metal is increased to¥ Zin. in 


— 
» 
= 
— 
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‘order to allow for water- hammer. Besides this, , the edges of all plates 7 


and straps were planed, sad the and the rivet- holes reamed out fully } in. 
The receivers are provided wit with Sve ve safety valves each, w which dis- 
charge when the prensure exceeds 200° Ibs. per square and an 
outlet gate at the bottom. . Fro rom each of these receivers, five | 30-in. 
and one 10-in. intake pipes extend to the walls of the power house to. > 
connect with the water- wheel nozzle pipes. Between these intakes _ 
and the nozzle p pipes are p placed the following valves, in n order named; 
18-in in. geared wine, one 1 in, hydraulic draulic gate and fone 


‘The 18-in. hydraulic gate is is piped up toa small D valve, 


“which i is s placed back of the switchboard and under the : floor, 2 and by ne, 


means of a lever on on the sw itchboard, connected to this] D D valve, the eda 


can be opened or or closed at t the operator’ s will. ” This 1 valve is the read 
which is to be used for starti ing or stopping a wheel. . The 18-in. butter- 


- fly valve is operated by means s of a worm gear from the governor, , and is Foe 


used i in checking the speed of the wheel by reducing the head or 
“near the nozzle, and thus avoidin ag a sudden fall of head in the main pipe } 
line, which would be detrimental to the proper working 0 of the the plant. 


‘The nozzle for the water-wheels has s six rectangular o openings or pate 
> 
1G x 33 in ins. in ar ea. _ This nozz nozzle is bolted to a tapering cast-iron pipe, 


securely fastened to the base ott the machine, and the ports in the noz- e. 


zle are made continuous, with a a separation betwe een each of them tin. , a 


thick. back of the in this nozzle i is a tongue, connected 
thick. Sliding back of the is a tor Re 


each the head of These draulic ey linders 


to another ) valve, the ‘Comm, of the switchboard, 


is thus enabled to close one or m more of the nozzle p sities as he may 7 * 


_ desire. On the opposite side of the water-wheel from these hydraulic a 

i is a hand- wheel, which is gear ed toa rack that n moves a simi- 
= ler tongue | for | opening or r closing the nozzle ports on on its extreme end. _ 


~The levers that operate the the hydraulic gate and nozzle are placed near 


of the switchboard. The « set of of levers for each water- wheel 
AS. 


| 
q 
— 
¢¥ 
| _ 4 . geared gate valve is only to be used in case of repairs to _ ae 
— 
— 
> 


= wheel i in question, so that the operations in starting or or stop- 
ping these machines are reduced to a minimum. * 


There i is ‘between these levers an indicetor ‘with two hands, one 
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showing the movement of the hydraulic gate and the other that of 


the 
., Water- - Wheels.- —The water-wheels are 58 ins. in . diameter, ‘and have 
5 45 bronze buckets cast int 1 one solid piece; 14 of these will, when the _ 
nozzle ports are all open; receive the water at the same instant. The 


- 


r centers of the e wheels are made of cast steel, the buckets being pre pressed 


q on these steel centers, and secured with turned bolts, fitted i in reamed © 


holes, passing through both of metal. These wheels were 


to fit, and are keyed to the generator shaft, each wheel being faced 2 


‘Each we water- is with ‘two fiy-w heels, ‘about 70 i in 


diameter, each o of which weighs a about 2 tons, a 


1 on each side of the wheel. ‘These fiy- wheels are d with 


© a x 5-in. Ulster iron, m, shrank on hot. _ They are split in three parts — 
an and are filled with me metal, banded, bored to fit, and keyed to the ne 
4 erator shaft. 7 hey are turned on the fa face and nicely balanced. eae a. a 2 
armature, armature s shaft, two fly- wheels and one w water- wheel, 
am hich ounguice the = moving parts, weigh a as much as 15 tons, which 


‘@ greatly helps in maintaining a uniform speed, notwithstanding changes 


_ of head in the main pipe, or changes in the generator load. my or _ % 
ss ‘The water-wheel, fly- wheels, nozzle and the two hydraulic eylia- 


ders are encased in steel bolted to the machine bed-frame. 


~ 


On the the top of this housing is is placed the Speed- eed-regulating apparatus 


or which i is driven from the water. wheel of the: armature 


shaft of this butterfly valve. that is in regulating the opening 
until the go governor picks up, as in the starting of a , machine. ee a = 


Betw een the two lines of machines and down through the center of 

+t the building 1 underneath | the « concrete floor is the spillway into > wae 


th the wheels discharge th the water, and through w which the water is carried 


ba sh to to the river from which it was 


On each of the plant, near the generator switchboard 
a facing eac each other, are the » registers for the two V Venturi water meters 


= 


— = 

| 
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Generat 


an output of 750 K.-W. at 2300 se and a frequency of 60 cycles yor a 


1 second, and the factory test v w that the v variation in volts will be 
than 5% with a ¢ a constan the full non- load 

yeti 


The bed plates of the were filled with cement after th 
were leveled up and securely anchored to their respective 
Between t the machine foundations and the building foundation wall, on on 


the building and across across s the : rear, ar, and i in in this subway are e carried: all the 


necessary piping ug for water- -wheel controllers and all the wires s betw ween 


a two-wire concentric No. 4 B. & lead covered ¢ cable. In fact, 4 


- the machine connections to the switchboard are leadcovered cables. 
Exciters. —The exciters used in this plant a are six- ‘pole 500-volt ma- 


: chines, and will give 100 K. -W. at 550 revolutions per minute. Each — 


these machines s is ample for the entire exciting current that will be 
needed for the ten 750- K.-W. alternators, ; and they « are are each direct 


is 


connected to to a 135-H. -P. Knight water- wheel similar i in every way to 
the 1 200-H. -P. water-wheels pr previously “described. These 
- water-wheels are cross-connected to each receiver, so that either exciter — 
: ean be operated from either receiver. Hey sdvantage of of this is self 


_—The > generator switchboard consists of seven marble 


emt five of these : are for the alternators, « one for the exciter, and 


Bach panel has the following apparatus on it: One 150- 


volt Thomson alternating voltmeter ; ; one 1 000 K.-W. Thomeon alter-— 
nating wattmeter ; one 25- 5-ampere Weston ammeter ; three 8S. P. Quick — 7 
Break, D. tT, 2 300. volt, 200-ampere switches ; three 8. P., 2 800-volt, 
200-ampere fuse boards ; : two. Ss. P., ,Q. B., T., 600-volt, 30-2 -ampere 
: - Switches ; ; one field rheostat ; two pilot lamps ; one station ‘ransformer; BS 
three current transformers ; two sets 1s three-phase bus- bars. 
a’? 
The exciter panel i is equipped with the following apparatus : :Two | 
x Veston voltmeters ; two 300 ampere Weston ammeters ; - two 


— 
> § 
generator to its respective panel on the generator switchboard isathree- “a 
ag ‘ ge 
4 

=p 

— 
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two 8. P., Q. B, 2. 600-volt, switches ; 


four 8. P., 600-volt, 200-ampere omen patio cut-outs ; ; two field switches 


welt Bristol | recording volt masters one Beistol water-prems 


lamps ; two 5 0 000- K. -W. Thomson alternating wa wattmeters ; two 130- 


4 tector w vith ane 0 plug bo boards ; two station transformers ; eight ¢ current “a 
q marble, with nickel el fittings. “There are two sets of of three- ee-phase bus- 


bars o1 on the b back, extending. the entire length of the seven 


wells as ‘two bus-bars, also ru running their entire 1 from which i 


The speed > consists of a ta coupled to 


Fron the generator current is carried to the dis- 
4 tributing | board by means of me nei of whic » there are two sets 


erator board 
the t: two sets sof on ‘the ary pane f the 


‘The. distributing switchboard is ina gallery i in the rear of the build- 

Wars 4 

and over the generator switchboard. of this distributing 


"switchboard. are the nine 250-K.-W. “step- up transformers, the Tight 


- ning arresters, and the two blowers for cooling the transformers. ae 
The distributing board i is divided into two sections, one the 


section, and the ‘other: the secondar: y section. Each se section has six 


i panels. = In the primary section, four of the panels are for the low side ie 
7 of the step- up transformers, the remaining two being for the local dis zy a 


‘ tributing lines in the vicinity of the » power p plant. _ In the e secondary 


ss section, four of of the panels are are for the high sic side of the step- -up trans- q 
formers, and two for the the long- -distance transmission lines. 
td The 2 300- volt p primary mary panels a1 are each eq equipped with the following — a 


.. 


Thomson recording wattmeter; three S. P. Q D. T., 2 300- volt, 
- 200-ampere switches; three S. P., 2 300- volt, 200-ampere fuse - boards; 


apparatus: Three 350-ampere ‘Thomson alternating ammeters ; 


P three station nee two ¢ current transformers; two sets three- 


pilot lamps 
he instrument pa 
= 
— 
| 
i — 
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a 
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‘ 


the 16 100- b-volt secondary panels have on them ‘three S.P., Q. B., 
witches; three plug tube cutouts and two sets 0 of three-pha se % 


 bus- -bars. The length of this dis distributing switchboard i is 30 ft ft. , and it 


Back of the distributing s switchboard and on a raised platform are 


placed the step-up transformers. These transformers raise the poten- 
tial of the current from 2 300 to 16 100 volts, a at which pressure it goes 


into the long-distance transmission lines. - The transformers are con- | 
‘nected up in sets s of three, ‘and the delta connection is. used on both» - 


iva At om end of the building in the gallery are placed the two ’ 


500-volt direct-current motor. 

| These | blowers a are used in cooling th tep-up transformers, and force 
through the bottom o tr ‘mM ound the ‘coils, 7 


aut 


and out at the top, thus giving ‘good 


Transmission Line.—The transmission line is calculated to ‘deliver 


abou ut 3 000 H.-P. at the sub- b-station in Salt Lake ‘City, distant tant about — 
f % 38 miles, and consists of we cire uits, making six wires of N Yo. 1, B. & 


a The The e poles used on this this line are of of Oregon m cedar, an and are good, clear, 
straight poles, 30, 40, 50 and 70 ft. Jong, with 9-in. and 10-in. tops. ae 


There are two cross-arms on each pole for the w ire; two. wires are on 


the top arm 4 ft. apart, and four wires on the bottom arm each 2 ‘ft. e . 
apart, a circuit being on each side of the pole; and these wires are 10 


“arranged that should a a plane be p placed ‘perpendicular across the 
cuit it would show an equilateral triangle, with a wire at each angle, 

the length of the sides being 2 ft. These wires are transposed about a 


_ every hi half mile. By this arrangement of the pole line wire, the i an 


tive effect i is reduced toa minimum, 


_4 
az 


About 6 ft. below the second cross-arm on the pole is a two-pi 

cross-arm, m, on which the telephone \ wires are strung, being transpos 


about every four poles, there —— an average ¢ of abot about 50 poles per 


ta _ Thee current is fed into the t transmission line at the power plant at at . 


16 100 volts, and delivered to the step-down transformers at 13 800 


“volts. w will give e an energy loss « of about 10 — in the Tine, 


BUY 


potential lone of about 14 per cent. sub 
= 


q — 
— 
‘= 
| 
uting lines again at 2 3000 
ere are at present nine Zo0U-K.-W. step-down transformers at 
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the substation, in way similar to the step-up transformers, 


and the switchboard in the substation is similar ‘in every r respect to 
> distributing | board in the power plant gallery. The « cooling: appa- 


_ ratus here i is also identical with that used in the —om plant, except 

-4 that the motors used here are 60-c -cycle induction motors. any ee “4 : 

_ While the transmission lines are at present t capable of ae J 


3 000 H.-P. = the substation, with a 10% | energy loss, if it should be- BY 
come necessar, y, the step-up ) transformers ca can deliver more than this a 


r, by changing t ees wires < on their high side, and delivering the current 


into the transmission lines: at 27 000 volts. ‘Thus the line « capacity y would 
a The present installation of the power plant i is only capable of de- 


4 livering 3 750 K.-W. to its lines, but ample provision has been mame 
to increase ‘this am amount to 7500 -W. by installing five five more 750 


a K. -W. machine, as industries or manufactures spring up as the 


result of the adv antages offered to them in Ogden and Salt Lake sig. 


a There is is one important feature in the arrangement of the he machinery _ R 
which should be noticed, viz., the complete duplication of ofa all ‘parts. All 


portions s of the plant below the breeches p pipe e casting, at the 
end of the 6-ft. conduit, are absolutely symmetrical about the cent center ie 
line of the power each side > being entirely independent of t of the 
other. ‘This applies not only to the pipe and the receivers, but to 


of the switchboards, ete., well as to” generators and water- 


oy Either one 2 of the exciters, also, i is capable of providing wale 3 a 


cient ¢ current for all the large gener erators, ‘and can be : Tun wi ith water a 


‘from either receiver. ‘The advantage of this arrangement is that 
accident to either receiver, or to one or more wheels or generators, 


i w ould not result in the shutting down of the entire plant, ‘but at the = 3 


worst of only one > side, For a short period all the required power 


could probably be su supplied from one side of the power house. 


Machine Shop. —The machine shop is ‘is a one- story br brick building, 


ae with a standing seam steel 1 roofing. T ‘he central part of the 


building i is occupied by aw vell- -equipped machine: shop, while two wings 
serve e respectively as a store-room and a 8 office. 


general location of the dam was | determined by the topography 

the it required considerable to its exact 
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ber of borings were made to the bed-rock, and the et 
was explor oa with a diamond drill to a depth of from 3 to 15 ft. . The 7 
location the advantages of short | dam witha 
comparatively h high position of the bed- rock. The cross- -section 
on the general plans of the dam, a, Fig. 
4 The bed- rock ‘underlying the bottom is of fairly compact limestone, ‘ 
eA by: 35 to 45 ft. of loose 1 water- bearing gravel. On the Sides of 
cation there are outcrops of the same formation. ‘The ere crest of tthe 


is is about 400 ft. long and its. “elevation ‘above the ground | about 
— ft. » making a total height of fully 100 ft. _ above the bed-rock. An 


inexpensive form of waste water. way is provided by excavating the 


lid rock al the n north bank, 80 o that the dam itself is not used a as an 


inlet tower for supplying the conduit will be placed close to 
south end of the dam. 


Although th the location is entirely favorable to ‘the construction of 
_ @ masonry dam of the usual — and the cost would not be vemeene 


was determined ‘inquire into the feasibility of adopting some — 
a different design by w hich a saving might be ‘expected. ~The idea was 
“entirely excluded, how ever, of doing so at the: expense of either er safety 
& durability, by making a lower assumption as to the forces to be © 
‘ resisted, or the necessary | factors of waiehy. 2 It was believed, however, Pa 


that it would be possible to reduce the amount of masonry required 
fen adopting a a design it in which the stresses s coming on on every part would 
cdma uniform and definite than in massive dams, so that the 


strength of the material would be more fully utilized. Following out 
this line of a number of different designs were studied 


a. The | plan finally adopted provides for a concrete dam consisting of 
isolated piers united by ‘Segmental a arches. Both in the quantity of 


material used and the cost of construction it posusinne to be consid- 


erably ¢ cheaper rthan a dam of the usual type. 3 It is s believed, too, t 3 
‘meet all necessary requirements as to strength, water- ater-tightness and 
durability. y. The statement as to the saving in cost: is based on the 
result of an actual bidding made by a number of experienced con- 
tractors on detailed plans and and specifications. While the bids differed 
4 largely as to the actual amounts, they: wore, i in every case, considessbly 


lower than the tenders: for a m masonry y which w ‘were ‘made a at 


— 
— 
q 
— 
if 
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— 
| 
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= 
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= his desi mn, the question was studied ~ 
a structure. for the upper 60 ft. f dam. Althou gh, under 
ny conditions| prevailing in Ogden | Cafion, a steel dam proved to be un- 


- economical, there ‘may be be places where the re sul It would uld be different. oa 


steel dams, om in wept B, may be > 


some interest. 


plate covering i is is bolted ‘te up- p-stream n face abrasion 
: and the percolation of water. 7 As shown in Fig. 14 there are to be six 7 
separate: piers and two abutments, which h are joined together, both on on 


-stream face, and on top of the p plone, by circular concrete 
arches. A ‘The piers are 16 ft. thick, while the arches have a clear sp span 
of 32 ft The extrados of the arches is cylindrical, with a radius of 25° y 
ft ‘The thickness of the arch rings being 6 6 ft. the upper 60 
=e ft. of dam, 7 7 ft. for the next 25 ft., and 8 ft. below this point. x 


The arches at i the top, which will carry a roadway 16 ft. 


we 


ireular, ar, the intrados having a radius of 16 ft. “They are practically 


continuous with the arches the ‘up-stream face. The spandrel_ 


steel ‘acing will be } in. thick. “The plates: in of the 


arches will t ft. long, while the ‘fist platen on the | piers will be 
ft. in 1 
“arches. will be with a single row of j-in. rivets, 


1e curved plates on 


3 ins. apart. Ey The joints will be made water- tight by caul 
ening in contact with will | 


ted w 


asses and —The is designed purely as a ty 


structur e, and the way in which the forces act will be readily seen ae 
an of the plans. arch-rings act simply to transfer 


the water-p1 -pressure to o the adjacent p piers, , which must be of sufficient wi 


size and strength to withstand the entire hydrostatic pressure that “27 


‘comes on both piers and arches. As customary, the water is 
to extend from the top of the dam to bed rock, but is no te 


penetrate beneath the > piers and exert an upward pressure. : 
The arches are circular segments, so that their central lines coin- 
| 


| 
2 
coping will be laid on top, oneither side. On top of this coping there a 
ie, - 
— 
4 
The su ,but 
— 
iim 
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ide exactly with the e line im pressure for water pressures acting nor 


mally to the extrados, Hence | the compressive s are uniform i in 


the center line in feet. The actual stresses, | as 
are quite moderate, | being 96 ‘Ibs. per square i inch for the 6- 


, 106 per square inch for ‘the arch, and 120 Ibs. 
or the 8-ft. -arch. ‘The m minimum thickness of 6 ft. is arbi-_ i 


ed | fr rom practical considerations. 


of the best ena most 


‘the piers is a somewhat tedious, tentative 


= is much greater, so that a heavier sectic ; needed. a ] 
is much 
aot as an abutment for two arches, but, owing to the symmetry of 


the ¢ construction, the ‘components of the thrust parallel to the face 
will alw always balance. a Hence, the resulting force tending to overturn — 


the pier acts at right angles to its face, and i is s equivalent toa prese- . + 


ure on a , plane, the width of which is equal to that of the ] pier and 
_ of two half arches. _ As the the piers: are 16 ft. wide and | the arch- 


is 32 ft., the e pressure of the water on the pier is equal to that which 

wo ould be exerted by a fluid with a a specific gr grav ity y of 3, d. ey ¥ weighing 

7 3 x 62. 5 or 187.5 Ibs. per. cubic fo foot. A ‘The weight of the masonry is 

taken at 145 Ibs. per oubic foot. 


-_ The usual standards for strength and stability were followed, and 


- the graphic analysis of the adopted cross-section is shown i in Fig. 15. 
All forces § are given in 1 cubic feet of masonry. 
As there shown n, , the factors of safety are are the followi ing: » ie 


turning, when taken about t the: down- stream edge of ‘the dam, at any 


to Overturning. —The moment of the forces which resist over-— 


¢ elevation, are more th 


1an twice as wonte as ba moment of 


to Sliding. —The angle 
oo he normal to the joint now s tan.—! "0. 85 or 40° peg: i 


a a coefficient sah friction of 0. 85 in the masonry will be sufficient to pom 


- sliding. ‘3 This i is considered amply safe in the case of a ‘concrete dam 


2 4 in which there will be no joints, pro erly epeakin , but, on the thee wena ar 
_ in which there will be no joints, properly 


7 

— 

mula 7 = pR, in which is the compressive strain in an arch-ringl1 

— 

racontinnous 

— 
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strength. ni is true that in standard sections for 
_ masonry dams the angle between the resultant and the normal i is usu- 


_ ally somewhat smaller than the above asec such dams, however, — 


; the dimensions of the cross- section are not increased by this eg 


the resultant within ‘the middle third. 


7 As to Internal Stresses in the Masonry. _—The resultant at all joints 
is kept within the middle third, so that there are no tensile stresses. 
‘The samageenione strains for ¢ a . full reservoir now here exceed 10.7 tons ag 
per square are foot, this being the stress at the bottom, an and are less at other 


_ points. — While this value is somewhat t greater than is usual ind dams 


100 ft. high, it leaves a large factor of safety, and has been exceeded ed in 
actual constructions, some of which have stood for sever: 


ve 


E It must be borne in mind here, too, that in standard dam sections the i“ 


§ lengths of joints up toa height | of 100 ft. are not determined by the 
limiting compressive strains, but by the ‘necessity of of avoiding tensile 
1 ones and of maintaining a Proper stability equines overturning. — 
‘Where the water face is vertic al, both of these: requirements are met by ; 
keoping the resultant at all joints within the middle >third. 
S. The ‘section adopted under these conditions i is s approximately t trape- 
* zoidal, and differs from the standard section by having a heavy batter a 
on the up-stream face. This batter is essential. ‘The length « the 
Joints in the upper part of ‘the dam (as far as - elevation 80) were de 4 


x - 1ed by the requirement as to the middle third, but below aa 


conorete, mixed iby rammed into well- raced 
4 molds, so as to » form a homogeneous, monolithic 1 structure. ‘The steel- 


facing will ill serve as the “upper sid of the molds. Port ortland coment 


4 be exclusively the proportions being: one “part of cement, 
_ 4 two of sand, and four of broken stone, for the arches, for the exterior 


3 feet. of the piers and for all concrete deposited under water. For: 


the rest of the work, “the proportions will, be one, three and fiv 
computing i ceil of cement used, it shall be measured as packed 


in barrels, the cubic contents ote a barrel of Portland cement weighing 
= 


400 taken as to on. ya. 1. The cement will be car 


— — 
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— 
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on the masonry within moderate limits. — 
7 
— 
— 
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stone shall be clean, durable limestone, while the sand must be c 
coarse and silicious. _ The steel used for a and rivets shall con- — 


form to the specifications given in Appendix 


dof Construction. .—The method of foundations will de- 


on the nature of the material and the amount of weter encoun: ~ 


tered i in the pits. f It is expected that the« excavation of separate trenches f 

for the piers will greatly reduce the diffic ulty of handling the ground. 


water. Th The excavation will be « carried down with sloping sides 
“until water is reached. Below this level the trenches w rill be timbered — 
ihe and br braced. The piers an: and arches will be sunk intothe bed- rock 2or3 ft. — 


Quantities. ~The amount of material for the above arch dam, as — 


— 


well as as for a a dam | of the ordinary form, i is giv en below i rs. ale ome 


dam 200 cu. ‘yds. 26 000 cu. yds. 


“Total conerete 38 900 cu. yds. 700 cu. yds. 


Earth excavation...... ....33 700 cu. 1. yds. ae 27 550 cu. 1. yds. 


es of work were pei identical for both forms of a that - a 


thet total cost of the new Same. wae tom from 12% to 15% less than na 
of the o old type. ‘By om omitting steel plate facing and s1 substituting 
an asphalt contiig, which « appears s to the author q quite feasible, a still — 
pis: 
= The work was aaron out under ‘the direction of C. K. Bann 
. Am. Soe. C. E., as chief engineer, , while Messrs. Willard Young 


H. M. MoCartney successively held the position of assistant 


“_ engineer. er. Mr. R. F. Hayward was consulting engineer for the 
draulic and electric ¢ equipment, while George I j  Pegram, M. Am. 


E, acted in an advisory capacity as consulting engineer. The 


~ location : and early construction’ were in charge of Mr. F. N. Snyder, w who pie 
was succeeded by Mr. 8. E. Reaugh. To the the author hor were entrusted the 
7 designing of ‘the details of the pipe conduit, and the studies for the 
da dam, as as well as the mathematical work connected with the 2 plant, cies. 


cepting the electrical and hydraulic machinery and 


a 
-. J. E. Rhodes was in charge of the wo: work 0: on the pipe conduit fo 
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APPENDIX 
? 
4 EXT! FROM STEEL ‘PIPE SPECIFICATIONS. 


«“ Requirements for Steel Plate —The steel shall be of the class 
- termed ‘soft medium,’ and shall be » made by the open- -hearth process, ia 
either the basic process or the acid process, as the engineer may de- a— 
termine. made by the basic process, the percentage of 
phosphorus and not more hon 0.04% of a The ser. of 
manganese shall not be greater than 0.60 per cent. Each sheet shall — 
be uniformly homogeneous in quality, and should a reasonable doubt 
> J exist as to the quality or uniformity of the | steel furnished, the \- 
gineer may order additional tests before acceptance. Late batls 
pieces shall be furnished from at least 20% of ‘the 
material of - melt, but at least two test pieces shall be made aressit : 
every melt. The plates or sheets from which test pieces are taken — 4 
shall be selected at random by the inspector, , and each piece shall be af 
numbered with the corresponding melt number. 
__ Tensile test pieces shall be at least 16 ins. long, and shall have = 
4 for a length of 8 ins. a uniform planed-edge sectional area of at least 
«+ sq. _in., the width in no ease to be less than the thickness of the . 
ie; Bending» test | pieces to be 12 ins. long, and to have a width n + Bs 


less than four times the thickness, with edges planed smooth. 
Oe: Punching test pieces shall be 14 ins. wide and not less than 10 3 
" “ Drifting test: pieces shall be 3 ins. wide and not less than 5 
long. 
«Test pieces as above shall give results as follows: G 
Ultimate strength, 55 000 Ibs. to 65000 Ibs. 
astic limit, not less than one-half ultimate strength. 
Elongation, not less than 24% in 8 ins. 
ss of area at fracture, at least 48 cont. 


ake 
ance, or from” injurious treatment or 


th ne ‘hammer, 


, a row of 
wi ins. between shall be punched any y cracks. 
_ “In drifting test pieces, not less than two holes, } in. in diameter, ‘ 
_ Spaced 2 ins. between centers, shall be punched and then enlarged by 
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‘the inside of the hele or edge of the Plate. and drifting 
The plates ‘must also of cold or scarfing to a 
fine edge at the laps without cracking, and the test pieces must 

~ further more withstand such quenching, forging and other tests as may 
satisfy the inspector as as to the the temper, soundness — ss and fitness fo: for use a 


failure of test pieces, taken at random as aforesaid, to 


to the above requirements may, at the discretion of the engineer ~<a 
_ inspector, cause the rejection of the entire product of the heat or melt - 
from which such pieces are taken 
Rag, All finished material shall be free from laminations, cracks, blisters, 
___ seale or cinder spots, and have clean edges and good surfaces free from i 
bends. ; The plates shall be fully up to the required thickness at the fe “4 
e edges. Any plate whose thickness at any point may be found i: 
than: the required thic kness- by 1 more than one one-hundredth of an 
inch shall be rejected without appeal. Furthermore, at least 95% of _ 
the plates must be of the full required thickness at all points. ee 
“Plates varying more than 5% from the standard weights per square — 4 
foot will be ‘rejected, and no allowance will be made for weights more aan + 
5% in excess of the standard weights r required. 
__ “The plates shall be rolled as flat as good mill practice will permit, -_ 
a | each plate shall be cut to the dimensions required. A variation 
a more than in. from the ‘dimensions on either length 


The of the or representative, shall 
have the right at all times to inspect the process of manufacture and 
of any and all plates, and may have, in his discretion 


ditional pegs of test pieces, not more than one- fourth of rane whole 7 


Steel Rivets. shall be made c of a 
ee soft steel, and shall have a tensile strength between the limits of 
56 000 Ibs. and 64 000 Ibs. per square inch, with an elastic limit of not — 
Tess than 36 000 lbs., and shearing strength not less than 72% of the _ 
ultimate strength. Physical tests shall be made by the to 
determine the elongation at and area at point of fracture. ordi 
place, as described above, the elongation shall be not less 
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blows from a sledge hammer upon a drifting p 
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per cent. The material shall also be of such quality as will stand 
la fter heating to a light ellow heat —— 
| bending dot ble and flat, before and after heating to a light yellow heat 


2 POW ER PLANT. 


and quenching in cold water, without sign of fracture on the convex 


surface of the bend. 7 All rivet material im t conforming t to the above oe 
tis understood and agreed that any plate that. any defect 

- ; during the process of punching, bending, riveting and in manufactur- | 
ing into pipes shall be rejected, notwithstanding that the same may q 
previously have been satisfac torily tested. 
All plates and rivets must be free from rt rust and kept under cover 


f from the time of manufacture of the image and until the completed 


— 


under cover upon cov ered cars. They must be 
= cover at the pipe shop and must be kept under roof and « cover — ‘$ 

until ready for shipment, and in no way exposed to the weather or - s 

to moisture. In cases of accidental rusting, the rust must be a 
~ removed from the plates proceeding with the manufacture of 

Manufacture and Laying of the Pipe. seams shall be butts 

6 @ with straps exactly fitted to the curvature of the main plates. 

The round straps (uniting adjacent sections) shall be placed 

- the outside of the pipe only; they shall be 11 ins. wide and their = 


 g thickness shall be the same as the thickness of the plates i in the pipe 4 fies 

g Each | strap shall have four rows of rivets placed zigzag, and spaced as. as ae 


The longitudinal seams shall be united by two butt straps, one 
the inside and the other on the outside of the pipe. outer 
_ strap shall be 11 ins. wide and the inner 16} ins. ria > a 


al 


Ve The longitudinal joints shall in all cases be placed at thetopof Y 
he pipe, both in the straight portion and in the elbows, so that the a zs 
straps shall be entirely co continnous | throughout the entire length of the 
The thickness of the longitudinal butt straps (both inside 
outside) shall be 4 in. for the portion of the pipe built of }4-in. and 7 4 oe 
4 in. plates, and in. for the rest of the pipe ee 4 + 


h four ro rows shé shall go thr both butt end and the main plate, 


+9 and two rows through the wider or inside butt strap and the main plate 
at _ The spacing shall be zigzag, with a double pitch i in the row of =; 


= 
rivets that goes through two thicknesses only. 
4 «All butt straps, both "longitudinal and circumferential, shall 


be § ‘rolled’ to the correct circular curve necessary to fit the pipe 


The edges of the outside both round and. longitudinal, 


shall be planed forcaulking, 
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the main plates; they shall be as straight and true as possible, but shall _ 7 


distance and extended under the round the edges of the latter 


_ “The under strap a » at the im must be searfed or ‘thinned by ma- | 


bin, and $-i in. 
sizes shall be the diameters of the rivets when cold. 
‘The rivet holes shall be punched of 7 in. greater diameter than 
‘that of the cold rivet, except in the case of the 1}-in. rivets. In this 
_ latter case, the rivet holes shall be punched of 1}-in. diameter on te 


— « All riveting in the shop must be done by steam, compressed a air aa 
or /apdenalie machinery, capable of exerting slow pressure sufficient for __ 
the formation of perfect rivet heads, of such form and dimensionsas __ 
_— on the lower side of | the plate, 
“must be remov vail ‘all burrs produced by 


must be removed by filing orchipping, 
_“ The sheets must be pressed closely together while the rivets are 


ge being driven and until the > Five et heads are formed. The riv eting will = 
ian be inspected by the Engineer of the Power Company, and all rivets 
, _ which do not properly fill the holes, or which may be found defective _ 
z _inany respect, must be cut out and replaced by and at the expense wll 
eed All riveted seams and joints of ev ery -y description ‘shall be aa 
oughly caulked on the outside of the pipe in the best and most work- ow 
Bes <aeoiihe manner usual in first-class boiler work. The caulking of all x — 
seams made in the shop must be done before the coating is applied in 


= pipe, and every precaution mus must be taken, both i in the shop a 
and field work, to insure the utmost strength and tightness. er 


— 
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weed shell be en fellows: 
“The diameters of the rivets used shall be as follows: 
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APPENDIX B. 

4 DESIGNS FOR Ag STRUCTURAL STEEL AM, 

se Two types, Plans A and B, are shown in the plans, out. of a @ number 

which wei were studied - in detail, so that the quantities o of 

material may be relied upon as correct. 
_ Plan A.—This form of dam consists of a number of cantilever | 
trusses 10 | feet apart and braced together, and and a steel Plate 
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covering, which receives the direct water pressure and transmits it es 
the: trusses. The latter are 60 ft. in length, with a base 35 ft. in width, 
F 7 this being — the same as the thickness of a standard masonr 
_ dam at the same elevation . The construction is shown in Fig. 16. — 
_ The outline of the trusses is triangular, the down- -stream posts * 
a being v vertical, wate the water face has ‘a heavy batter, as the ve vertical . 


= atenight chara. chord. 
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tae ly, but not enough to outweigh the advantages of 4 


steel work rests on a or rock foundation, which it 
is securely anchored. This foundation need not be essentially different e 
in size or shape from ‘the equivalent portion of an all-masonry i 
so in comparing relative costs only the upper 60 ft. need be considered. a7 
a ae The trusses are designed according to ordinary bridge practice, 
with simple details, the connections in the upper portion being by 
= rivets, and in the lower part by turned pins. They should be built _ 
aceording to the specifications for materials and w orkmanship| 
the highest grade of railway bridgework. 
The stresses in the different members were determined graphically, 
the only forces acting being the water pressure, the weight of the _ 
dam, and the resistance of the | anchorage. All these forces are 
2 definite in magnitude and direction to to a greater degree than in most 
other er kinds of steel construction. We 
_ The tensile stresses were taken at 15 000 Ibs. per square inch of 
section, for compression the following formula was used, viz. 


; in which S is the per missible strain ioe square 2 
imoh ; L is the full length of compression member, and Ris the radius r+ 
Where beams are subject cross- oss-bending, the net tensile strains 
are 15 000. Ibs. per square inch. 
The trusses are braced together in sets of four | by ‘comparatively 
* light bracing in the plane of the vertical posts. The long horizontal __ 
bottom struts are also connected by bracing. Every fourth panel is 
_ left without bracing, so that longitudinal expansion may take place 
without straining the metal anywhere, the convex plates in the water = 
face allowi ing a slight: motion. Expansion a at right angles to the face i is. 
provided by short rocking links at the foot of the vertical posts. = 7 
‘Two forms of plate facing were proposed, the first consisting of caret 


plates resting on rolled [[-beams, while in the second ¢ a ‘single curved 

8 sheet of steel, extending from one truss to the next, sustains the water ne 
v2 ‘Pressure. The strength of the buckle plates and beams is computed a 

by the usual methods, the thickness of the former vary ing according 


These plates are uniformly in. in thickness. Their strength is 
readily calculable, as the water pressure is constant at any given 
pa dey ation and the tensile strain is given by the formula: 7’ - = pR as in 
the case of circular arches. For a depth of 60 ft., p= 60 x 625= 
> 750 lbs. per square foot, ond T=3 750 x 7 = 26 250 lbs.; hence the aa! 7 
| ross: tensile strain on ye Hin. plate w will be only 5 830 Ibs. per square 
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has ‘The steel trusses are connected to the foundation by anchor bars 
on the up-stream end, while the vertical posts rest on steel bed-plates 


and shoes. ‘The horizontal shear is transmitted t by special ae + 


Plan B.—This design i is based on F. H. Bainbridge’s patent, dated 


_ April 16th, 1895. _ The structural frame is not a truss or cantilever, e 
7 ¥ but consists simply of a series of ‘struts which carry the thrust of the a 
:. 4 water direct to the foundation. — ‘These long “struts are, of | course, 4 
i" securely braced, so as to prevent buckling in any direction. The steel — 


facing consists of buckle plates or concave sheets of steel as already 

de described, which are fastened to an inclined ane to which the struts 


— 


LOAD on son TONS rr 


45°, wits: the that is no both placed effect on. 
_ foundation below. — The amount of steel in this dam is less than in 
_ Plan A, though the saving will be in most cases more than offset by _ 
increased cost of the foundation. 
net In Fig. 17, the struts are shown as supported on separate shallow a 
foundations, | ‘but in most cases, it will be necessary to carry them 
— down to bed- -rock, which would increase the amount of masonry very 
much. 


On the other hand, where the bed of the wtzeam consists 
of ‘solid rock, or is overlaid a small amount of earth, no ) 
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foundation will be required. In such a location, this form of dam 
‘may prove economical, and might be adopted with advantage. 


wk The relative amount of materials 3 required to build steel dams, 
- gecording to Plans A and B, is given in Table No. 2, as well as the 


amount of masonry -y contained in a standard masonry dam of the usual oo sa 
form. _ The comparison is limited to a dam 60 ft. in height, but the — a 
metal ‘Fequired for a h geeper anchorage of the steel dam is taken into nto 


TABLE No. STATEMENT OF QUANTITIES IN STEEL 


Masonry Dams, 
, 


Height of d , 60 ft. ; length assumed, 1 ft. 


Plan A.—Steel Cantilever with Buckle Plate Facing, 

‘Trusses and bracing.....-... 4580 Ibs. 

Shoes, bed-plates and anchorage... 180 “ 


‘Trusses and bracing.. 4 745 Ibs. 
Shoes, bed-plates and anchorage. 1805 “ 


Plan B.—Steel Strut Dam with Buckle Plate Facing. 

 Botal 7 650 Ibs. per lineal 


—Steel Strut Dam with Curved Plate te Facing. — he Sa 


‘Total 7 000 Ibs. per lineal foot. 


“Standard Masonry Dam, 60 tt. high. gh 


Total = 48 cu. yds. perl lineal foot of dam. 
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a ON ‘PIONEER POW ER PLAN 


Mr. Frizell. J. 


presen sa. problem i in the of wheels which is 
of consideration. There is a ners closed its whole angie, and in 


4 necessary to to check | the momentum of of a column of water some 6 mil 
Jong. Those who run the establishment will meet with difficulties i oe 
_ the regulation of the wheels which will not be met by fly-wheels. The 


total weight of the column of water will be thousands of tons, ar in 


haps, 30 000 tons of w woher | ata a velocity e corresponding toa height of 20 or 
3 ins., amounting to a gross momentum of from 5 000 to 7 000 foot-tons, — 
na a which would be very difficult to deal with. The safety of the pipe is e. 


an electric power plant running ats a uniform peng “<7 


_ F. W. Sxuyyer, M. Am. Soc. C. E.—The field work on the pipe Bi 
Tine described in the paper was done under difficult conditions, which _ 
‘ were met admirably from La structural point of view. . The erecting — 

- outfit for the bridges, for exa example, ° was very light, and all field joints — 
of the riveted structures were made with bolts instead of rivets. The 


_ placed afterwards with carefully | turned cylindrical bolts, oneal in 
a piece of work of such accuracy -of adjustment that the ‘author should 
_ make some statement concerning it in his closing correspondence. __ 
It is of interest to compare this Utah riveted pipe line with one 
iG recently constructed in Paris to connect the Verneuil and Vigne water res 
= supplies with the distributing mains. It was 1.5 m. in diameter, 8 to is 
_ 12 mm. thick, and shop riveted in 6-m. - sections, each consisting of 
three courses and weighing about 3 000 kilos. At each end of the sections 3 


"structed i in a tunnel of small cross-section ond ‘supported on cast-iron 
shoes. ‘The tunnel was so small, 2 2.4 m. wide, and the “pipe so 
that a special track was built from the bottom of the entrance shaft to 
_ the heading, on which to run asling truck. The axles of this truck - 
were not straight, but consisted of arched riveted girders from which 


a section of pipe could be hung. ‘The truck was pushed to the end 4 
the cc completed | pipe by an electric except on the : 
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an power for ‘driving the electric locomotive was Mr. Skinne 
a _ nished by a storage battery it carried. This was charged at night from 

a dynamo driven by an engine near the shaft where the pipes were oa _ 
fe lowered. The locomotive and car had horizontal guide wheels with — raw 


rubber tires against the tunnel walls, and an elaborate 


= 


CORRESPONDENCE. 


- Within the area covered there is a good market for power, and — 
ih pai the cost of slack coal is not more than $2.25 per short ton, the _ 
majority of steam plants are poorly designed, or operated under dis- 
advantages which 1 make the cost per horse- “power per annum vary = 
from $70 to $120 on 24-hour service. In order to supply the market ne 
with any success, absolute continuity of service and good regulation aoe 


must be every portion of the of the has been 


‘mission of the Big Power Company at Salt Lake 
City was on this system and might be used in 


as also a a factor i in the c case. 


: oe frequency of 60 cycles per second was chosen, asa very large part — 
A a of the energy will be used for lighting purposes; and while a lower _ 
frequency is at the present time most suitable for direct-current work a iste 

it will be but a short time before r rotary | transformers can be built : 


The question of voltage is of course allimportant. The power 


ie: house is located about two miles from the center of Ogden, where > ; 
about 1 000 H.-P. will be used. It was therefore decided to wind 


genera ators for 2 000 volts, in | order to avoid the use of step- up trans- 
_ formers for the Ogden service. The voltage of the transmission : 


E was placed at 15 000 volts, this a as high as it was deemed advis- . 
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R. F. Haywarp, Esq.—In the design of the electrical equipment Mr. 
he Pioneer Electric Power Company’s plant the follow — 
Presented vie: To supply energy for light, power, sways and 
| house; to supply energy for the same purposes in Salt La 4 
— 
— 
every way suitable to the service required, both on account Of 
f 
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a 
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Mr, able to go but the all been tested to. 
40 000 volts and can be connected up to give 27 000 volts on the lines, 
.? This pressure will be tried carefully, and, if successful, used regu. _ 
® larly. With the successful application | of 27 | 000 volts, it will be com-— 
mercially possible to transmit power to the mines at Mercur, more 
The system is arranged in duplicate. There are 
_ circuits for the local distribution and two for the transmission lines, ee 
e) and the switchboards are so arranged that any generator and any set 3 *% 
of transformers can be thrown at will on either one or the otherof 
these circuits. Thus one circuit can be used for supplying energy for z 
the other street and power, where here the 
Every precaution has been taken : against interruption in the trans- a 
mission lines, and they will probably be duplicated ere long. ‘The 
lines are thoroughly protected by lightning arresters. 
By means of the Venturi water meters and the electrical measuring — 


CORRESPONDENCE ON PIONEER POWER PLANT. 


q Sntemniinie, it will be possible to obtain | _ continuous records of the | | 
ae 


‘es asm of water used; also, of the energy sent out from the power 
_ house, and the energy received at the sub-station. = will also be pos- 


on ‘the h ide tension lines. The measurements p prov vided is 
_ complete as can possibly be made for commercial purposes. a 
se oan The machinery was manufactured under very stringent guarantees. i 
The specifications called for a commercial efficiency of 95% in the ae 
generators, and on the test at the factory this figure. was reached 
within a few tenths of 1 per r cent. The ‘efficiency of the transformers 
_ is also very satisfactory, being over 98 per cent. — The efficiency of the 
transmission lines will be about 909% when 3000 H.-P. at 
“4 Salt Lake City, with an initial pressure of 16 000 volts. With 27 e 
3 poerse the a al = line will be about 6 000 H.-P. for the same 


wheels are each provided with two very heavy fly- a 
are fitted with electrical relay governors. 1 The generators on test 
showed that they would regulate within 5% at constant speed. The 


throughout the system. Speed indicators and recording voltmeters — £ 
have been provided to check the regulation continuously. a 
r. Tratman. E. Russett Tratman, Assoc. M. Am. Soc. C. E.— connection 
with the large steel pipe line of the Pioneer Company’s plant, ‘reference — a 
may be made to a story mpeating the pipe line system of the Big Cot- 
tonwood Power Company, of Salt Lake City, which described 
_ a certain rivet ‘holes i in the pipe w were made by shots from the engineer's i & 
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rifle. The writer asked the company ’s engineer, Mr. R. M. Jones, as fe Tratman, 
to the truth of the story, and, contrary to expectation, the reply was, 
in the main, a confirmation of the angen, although the holes were not 
for riveting, but forcutting out: 


© “The story which circulated originally was about ra Have no 
a idea who started it, but believe it was in one of the Pittsburg papers. 
The facts are, we had a standpipe of }-in. steel, 7 ft. in diameter, _ 
Pee which required three holes for connecting the pipe lines from different —__ 
rq, directions; each of these was 54 ins. in diameter, and the plate had to 
becut out; therefore we shot it out instead of chipping it out. The 
apparatus ‘used was merely one of the modern Winchester guns, using a 
_ smokeless powder, or dynamite, with long leaden bullets, copper cast. — 
_ These are the facts, and you are at liberty to use them as you desire.” 


ae Grorce H. Pecram, M. Am. Soc. C. E.—A perusal of this excellent 1 Mr. Pegram, 


aper by one who has been familiar with the work therein described PS ie 
4 during i its construction leaves the i eta that sufficient credit has wal a 


~The natural advar antages for the of the plant s are 
able. A large impounding reservoir obtainable by a comparatively 
small dam, a large head of water obtainable in a comparatively short 
distance, return of the waste water to a natural river channel, by" which 


_ The engineering difficulties, however, were greater, probably, than ‘oS 


have been overcome in any other similar work. The wooden pipe line : 
for nearly its entire length is supported upon the precipitous side of a 
narrow caiion of the most distorted and rugged hard-rock formation _ cs 
in which excavation had to be made at the constant risk of obstruct- __ 
the river or the much-traveled road in bottom of 


conditions, it is believed to be due to Mr. 
ns thorough study and constant effort to reach a better conclusion, even Po 
_ when it would seem that a sufficient result had been obtained. — Mr. a 
- Bannister, recognizing g the value of the location, had for years ° worked — 
to secure the construction of such a plant. At the time the author of — 
_ the paper was retained, the pipe line, with the exception of connec- c 
tions, etc., had been designed and a part of it built. 
The steel pipe is unique in preserving a practically constant diame- __ 
ter, with no obstruction to the flow of water except the rivet heads, 


end and outside at the other, ae to stove-pipe joints. . It would — 
_ be a valuable contribution to the existing data on the resistance to the eh 
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which are conically formed in order to present the least resistance. 
3 __‘The large resistance neretofore observed in riveted pipes undoubtedly 
comes, largely, from lap joints, whether the pipe is constructed with 
| 


CORRESPONDENCE ON 10) 
_ With reference to remarks which have been made upon the riveter bi 
which the writer designed to do the work in the trench, it can only be 
> said that the object was to drive the rivets with pressure that might be— 
held on to them until they had partially cooled. It is very evident that 
a one cannot hold on to 1}-in. rivets and drive very many in a day. — Asan 
evidence of the > excellence of the x work done ¥ with h this machine, allofthe — 
4 ets inthe round-seam field c connections, and some of those in the longi- 2 
tudinal seams of the portion of the pipe tested, had been driven by this" 
- machine, and none of the rivets were cut out for replacement previous _ 
_ to the test, nor in any way tightened, so the result was deemed highly 
“satisfactory. T The machine was designed to drive two rivets at a time, 
id although it was equally capable of drivi ing one rivet. Although this 


repairs were sequined its work of months; and while 
the machine, in the light of its past use, can be improved, its discon- . 
by t the contractor was dictated reasons based 


method of the distribution of stress and the facility 
repair, it is believed that the type w would ‘offer great advantages 
‘places like this, where there is a large ‘underground flow of water and 
very little room for diversion channels, as it provides a method by _ 
which isolated piers may be built, allowing the water to flow between — 


them until near the completion of the work. When concrete is used 


better work | can be done in isolated masses, alenees can be built con- 


to 12 500 ond 10 800 gross ss H.-P. spec- 
tively. It will be seen that a fluctuation of 1700 H.-P. exists. 
make this available, machinery to develop the maximum amount must 
be provided. The entire pipe line had to be built to resist an extra 
pressure of 59 ft., , and certain other expenses were incurred, such oe. 
ay _ the use of 72-in. pressure gates, stand- -pipe, ov verflow shaft, air r valv es, re 
_ete., for which more economical structures could have been substi- — 
tuted. As this extra power cannot be depended upon at all times, it 
is not clear to the writer its value | is to its cost. a 
rw n there 
economy in n adopting a stage of low water in the reservoir 
and locating the pipe line correspondingly higher, thereby Prenare = 
maximum pressures and cost at the expense of a small wedge of water 
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CORRESPONDENCE ON PIONEER POWER PLANT. 
a aa The oo tunnel, No. 7, appears from the x plan to be e situated close Mr. Henny. 
a: to the sloping wall of the cafion. The rock must have seemed remark- — 
a ably sound and free from seams to justify the omission of lining. - 
Moreover, in the absence ¢ of long tapering connections between the 6-ft. -ft. 
round pipe and the 9-ft. square tunnel, considerable loss of head mu 
‘The author in describing the wooden-stave nine states that he be- 
eves its diameter to be greater than that of any conduit of the kind © 
reviously built. The writer understands that there are many short 
- pieces of large pipe in New England used for conducting ° water totur- 
‘bine wheels. A stave-pipe conduit 6 ft. in diameter was built by J. T. be 
M. Am. Soc. C. E., at Manchester, N. H.* Twootherpipesof 
same diameter were built by Mr. Allen, of Denver, one on 
the Maxwell Grant, in New Mexico, ‘and the at Gothenburg, 
eng _ Another Pipe 6 ft. in diameter was built by the ws 5 in 1893, 


ra we As regards the details o of the stave pipe, the writer believes that for 
08. pipe a net thickness of stave of 2 ins. is rather light to insure a 
ee especially considering that in case of accident or sudden a 
change of flow the air valves ‘cannot operate until after the formation 
a partial vacuum. A 12-in. minimum break of joint of the staves 
_ is very short, as 3 or 4 ft. can ordinarily be obtained without extra 
cost, thereby increasing the longitudinal strength of the pipe. If this i 
Ya on short break was found to be > necessary ‘to produce the required ¢ curves, 
the writer would have preferred to use narrower staves. 
ie Dependence was placed on the swelling of the staves to tighten . 
the seam joints. This implies leakage at first filling, which it is be-— me us 
ieved can and § should be avoided by the 


the of the is than four. This is further 
_Teduced, as ‘no > account has b been taken of the strain: caused by the 


* See Vol, vi, p. 69. 


necting shoes. It would seem that if the complete hoop were 
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E rdly be called a new departure, as almost all the stave pipes built . 4 ae as 
Ws eton. Oregon ani tish Columbia were constructed of tl 3 
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_ Whether produced by swelling or by cinching, and which is additional 
tothat resulting from the water pressure. While itis not proportion- a 


CORRES PON DENCE ON PI 


Mr. around a 
loop and of the shoe would follow. the bearing of the 
; egy the thin steel walls of the shoe also appears insufficient. _ _— 
_ On the pipe itself the bands cannot be tested in this manner, as _ 
the lumber would buckle long before the breaking point is reached, : 
Nevertheless, this connection should be as strong as the body of the 
bolt, or metal in the bolt is wasted and the assumed factor of i 
_ seriously reduced. Possibly this matter has been satisfactorily settled 
, 7 by actual test, in which case the author would add to the value of ‘the a ‘i 


estate Power Company are ‘of more than usual interest among the 
many plants of similar type which have been constructed throughout a 
the West during recent years. It has been often exceeded in the 
height of effective hes head, is not no novel in the use, diameter or construc-— ; 
tion materials of the stave pipe employed, and though fully a abreast 

of ie practice in length of transmission and height of voltage a 


cosstal completion. reason of its however, , the work 
easily takes front rank among the high-pressure water-power develop- = 8 
and long-distance electrical transmission plants in this country. 
y is also worthy of especial note because of the conspicuous care with a 
_ which the general scheme, as well as the important details, have been a 
, - worked « out ; and, though one may differ as to the propriety of some 


of the minor details as presented, the striking ‘evidence of thoughtful a ; 


and intelligent care in the treatment of the entire scheme certainly 

a 4 The writer sincerely hopes that this description of a practically — ae 
completed work of such interest will hereafter be supplemented by 

complete statement of the action of the various parts under the test 
3 of actual service. A comparison between what was anticipated and — 
‘that would doubtless very and in- 


= 


a i pressure in the stave pipe, arising from the almost unavoidable i in- a 

 terruptions to the continuity of flow, will prove very advantageous, as a 
will also the shortening to the least possible length of the closed steel — 

conduit leading from the last relief overflow directly to the power 


station. 
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hinking the stave pipe : 
author is mistaken in fir for staves. Several con-— 
eatedly employed in the states of 
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Referring to the details of the stave- -pipe design and en no Mr. Adams. 
- suggested by the author, the shoe is certainly light, and if tested a 
to destruction in connection with its accompanying band would cer- , 
- tainly y show evidence of crippling long before the ultimate strength of 
the band would be reached, though complete failure would probably 
a not result, because of the support given the sides by the external loop | 
and internal threaded end of the encircling band. An excess of z a 
an strength should always be given the shoe because of the sectior being | 
_ in much less favorable form for resisting corrosion than is the. — 
band section. ‘These shoes would doubtless give no trouble during — 
erection, as is stated by the author, since very little tension can be put P. 
: upon 3 $-in. and 4-in. bolts of the length used, when the leverage of the _ 
a wrenches employed is limited to 10 ins. - ‘This limit answers very well 
i for pipe pe and bands of much smaller diameter, but in the present case 
oe would preclude all possibility of the bands being drawn to anything — i 
_ like the tension subsequently developed by the water pressure andthe — ae 3 
see swelling of the staves, which tension is the least that can be applied | bie a 
ra during construction in order to insure a a tight pipe when first filled, 
——tnless the filling be done exceedingly slowly and thus coincidently — 7 
with the swelling of the wood. The staves are somewhat thinner 
_ their finished shape than has usually been customary in building pipes : 
of this diameter, but the writer sees no especial objection to this if 
sufficient care be exercised in n properly t amping the back- filling and 
a. It is pleasing to note that the claims of wooden stave pipe for won- 
ak economy in first cost when built for moderate pressures, un-— 
usual ual ease transportation and erection, even in very inaccessible 
places, and general adaptability for meeting the demands for a first-— 


this work and have been fully vindicated in the result. can- 

~ not be otherwise than that the merits of this class of pipe, , when intel- 

a. ligently designed and carefully built, must ultimately lead to its greatly ’ 

_ extended use throughout the whole of this and other countries. == Gal 
‘The adopted plan for a masonry dam is a marked departure trom se 
previous practice, The increased necessity for securing excellent 

4 construction work and the ‘apparent dependence of the entire etrnctare 

upon the integrity of each arch seem to the writer, however, to be ob- _ 
jections sufficiently weighty to render so radical a departure from all 
Precedent of doubtful | expediency. 
“ Henry GoupMARK, M. Am. Soc. C. E.—In closing the discussion, Mr. Goldmark. 
the author wishes to thank those members who have supplemented the — 
=. ce information given therein by additional valuable data, and have 
pointed out certain errors of statement. The purpose in writing the 
paper was to give a a ‘somewhat detailed acssent of a very ie 
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Mr. Goldmark. work with which it was his privilege t to be connected during the nail m4 7 
active construction. Written at distance from the works de- 
- seribed, it is unavoidably lacking i in completeness, and the author i is 
{ conscious of its shortcomings in other respects. ‘He wishes, however a 
_ to disclaim emphatically any intention of giving insufficient credit to < 
* the chief engineer « of the company, _ whose full responsibility for the ‘ 


and approved it before was printed. whe 
Phe question of the necessary regulation of 
i - sudden changes in loading was duly considered in its design. It is be- 7 
: lieved, as stated by Mr. Hayward in his discussion, that the electric 
governors adopted, together with the heavy fiy-wheels, will be ample 
produce speeds sufficiently ‘uniform for all practical purposes, 
2 _ The use of turned bolts instead of rivets was adopted for the bridges ae 
on the pipe line mainly to avoid the necessity of bringing skilled 4 
riveters from a distance. The shopwork being excellent, the use of © 5 
In answer to the criticism of the details of the shoes and bands of _ 
the stave pipe the author personally prefers a somewhat heavier con- 
struction, though some tests of the straight bands indicated that the __ 
atk of the connections i is —, than that of the e plain rods. ae 


q 


"The 12-in. break of joint i in adjacent shaves es is the minimum permi ¥ 

<i ted by the specifications, but the average break is considerably longer, _ 

and a break of 3; or 4 ft. is not uncommon. It may be added that che 
leakage, at the first filling of the pipe, was 

Ae _ As to the desirability of adopting a higher stage of low water in on | 

reservoir and locating the pipe line correspondingly higher, it may be &g 

said that the low water-line actually adopted permits the use of the 

pipe line at all stages of the river and previous to the construction of & 

dam, has: not yet been built. higher 


would probably increase the expense of excavation 
The connections of the | 6- ft. in | Tunnel No. 7 are Jong 


7 av oided. " The rock i in this tunnel appeared sufficiently sound to oe 
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ofthe paper. He greatly regrets that his meaning should have been 
misunderstood. It is proper to add, that the paper was prepared at __ 
— 
7 
severe strains from landslides, etc., and has shown even g 
strength than had been expected. A thin stave has the great adva 
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